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This  report  presents  the  detailed  engineering  design 
of  a facility  for  production  of  NHC  (n-hexyl  carborane).  This 
effort,  funded  by  the  U.S.  Army  Missile  R&D  Command  under  Con- 
tract 0AAK40-76-C-1 256  , provides  the  engineering  basis  for  im- 
plementation of  a low  cost  process  developed  by  CaJ^e'ry  Chemical 
Company,  partially  under  separate  ^0AAi<iri-73-T-i~?a3 , 

The  major  objective  of  this  project  was  the  design 
of  a modular  carborane  facility  with  a maximum  production  ca- 
pacity of  30,000  lbs  of  NHC  per  year  on  a 300  stream  day  (SD) 
per  year  basis.  Additional  objectives  were: 

Design  and  identification  of  the  minimum 
equipment  to  demonstrate  the  process  at 
a rate  of  4,000  lbs  NHC/300  SD/yr; 

Design  and  identification  of  additional 
equipment  necessary  to  support  low  rate 
production  of  9,000  lbs  NHC/300  SD/yr;  and 

Design  and  identification  of  additional 
equipment  to  expand  production  of  NHC  to 
design  capacity  of  30,000  lbs/300  SD/yr. 

This  report  and  its  appended  documentation  provide 
the  necessary  engineering  details  (drawings,  specifications, 
etc)  to  allow  construction  of  the  NHC  production  facility.  The 
facility  will  be  located  on  a portion  of  the  Callery/Mine  Safety 
Appliances  plant  site  near  the  borough  of  Callery  in  southwest 
Butler  County,  Pennsylvania.  In  brief,  the  facility  consists 
of  two  principal  process  areas  enclosed  for  weather  protection 
and  safety.  Necessary  support  facilities  for  the  process  ope- 
ration include  a drum  storage  area,  tank  farm,  utilities  area, 
waste  incineration  system  and  change  house  for  operating  per- 
sonnel . 

Off-site  facilities  connected  to  the  production 
facility  Include  natural  gas,  potable  and  process  water,  fire 
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water,  sanitary  sewers  and  sewage  treatment  system,  electricity, 
telephone  and  diborane  supply.  These  off-site  requirements  are 
provided  by  appropriately  metered  connections  to  the  existing 
facilities  of  the  Callery/Mine  Safety  Appliances  plant. 

Major  operations  at  the  production  facility  include 
handling  of  incoming  raw  materials,  production  process  ope- 
rations, waste  incineration  and  handling  of  outgoing  product 
and  solid  waste.  Major  process  operations  take  place  in  two 
operating  areas  --  The  BIO  Area  and  the  NHC  Area. 

Process  operations  in  these  operating  areas  are  best 
described  by  reference  to  Figure  1,  NHC  Facility  Block  Diagram. 

In  the  BIO  Area,  diborane  (B2)  is  converted  to  decaborane  (BIO) 
by  continuous  vapor  phase  pyrolysis  in  parallel  unit  reactors. 
Each  unit  reactor  (12  required  for  30,000  lbs/yr  design  capacity) 
consists  of  three  4 in.  ID  pipe  loops  staged  in  series  to  pro- 
vide efficient  B2  conversion  and  BIO  yield.  Condensed  BIO  pro- 
duct is  collected  in  product  hoppers  and  transferred  to  a dis- 
solver where  BIO  is  dissolved  in  reaction  solvents,  filtered 
and  pumped  to  the  NHC  Area.  In  the  NHC  Area,  BIO  is  converted 
by  sequential  batch  solution  processing  to  give  crude  NHC.  The 
crude  NHC  is  then  extracted  with  pentane,  washed  with  aqueous 
solutions  and  purified  by  solvent  stripping  and  vacuum  dis- 
tillation to  give  the  final  product. 

All  process  wastes,  both  vapor  and  liquid,  are  con- 
verted to  relatively  innocuous  combustion  products  by  direct 
flaring  or  incineration.  Figure  1 shows  all  process  wastes 
going  to  an  incineration  system  which  employs  high  temperature 
oxidation  to  destroy  combustible  organi cs  , vapori ze  process  waste 
water  and  convert  the  waste  boron  content  to  solid  oxides  and 
borates.  Incineration  combustion  products  are  direct  water 
quenched  and  bag  filtered  to  remove  and  collect  particulates. 
Collected  particulate  matter  (primarily  sodium  carbonates  and 
borates)  is  packaged  in  drums  for  contract  waste  disposal. 
Sanitary  wastes  are  piped  to  the  existing  Callery/MSA  waste 
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treatment  facility.  Assessment  of  environmental  aspects  of  the 
NHC  facility  indicates  that  implementation  of  the  design  will 
not  represent  a major  envi ronmental  action  and  will  not  re- 
quire an  Environmental  Impact  Statement. 

The  incineration  system  design  is  the  only  significant 
area  of  the  facility  that  still  requires  further  in-depth  analy- 
sis. Tests  conducted  at  the  facilities  of  John  Zink  Company, 
Tulsa,  Oklahoma  verified  the  workability  of  the  total  waste  in- 
cineration/particulate collection  concept.  The  overall  size 
and  cost  of  the  incineration  system,  however,  has  indicated  a 
need  for  further  tradeoff  analysis  that  would  provide  the  en- 
vironmentally acceptable  emission  control  at  lower  overall  cost. 
Analysis  of  vapor  vent  streams  indicates  a potentially  cost- 
effective  modification  which  would  involve  scrubbing  and  direct 
flaring  of  selected  vent  streams,  thus  reducing  significantly 
the  vapor  load  to  the  incinerator.  Scrubber  liquor  would  be 
subsequently  incinerated  without  significantly  impacting  in- 
cinerator size  or  performance. 

In  order  to  meet  the  project  objectives  and  to  allow 
design  implementation  by  options  for  the  process  demonstration, 
low  level  production,  and  ultimate  expansion  to  maximum  design 
capacity,  the  design  approach  was  as  follows.  The  initial  de- 
sign was  developed  for  the  30,000  lbs  NHC/yr  maximum  design 
capacity.  Using  this  full  design  equipment  listing  and  related 
drawings,  that  equipment  and  support  necessary  for  process 
demonstration  and  for  low  level  production  was  identified.  All 
other  equipment  items  and  support  facilities  were  then  deferred 
for  installation  under  the  option  for  expansion  to  30,000  lbs/yr 
design  capacity.  This  approach  provides  an  operable  system  for 
meeting  all  of  the  project  objectives. 

During  development  of  the  facility  design,  a Design- 
to-Cost  Program  was  implemented  to  meet  the  government's  intent 
of  developing  a production  facility  to  produce  NHC  at  the  lowest 
unit  production  cost  and  with  minimum  investment  cost  consistent 
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with  technical  limitations.  The  current  in-depth  analysis  of 
incineration  system  trade-offs  is  an  example  of  Design-to-Cost 
implementation.  Detailed  hazard  analysis  and  design  review  by 
experienced  operating  personnel  were  employed  to  assure  in- 
corporation of  necessary  safety  features  to  minimize  hazards 
to  plant  personnel,  equipment  and  the  environment.  A particu- 
lar feature  of  the  resultant  facility  design  is  the  utilization 
throughout  of  low  pressure  process  operations  to  minimize  toxic 
exposure  and  explosion  hazards.  Principal  hazards  are  those 
resulting  from  process  operations  using  flammable  vapors  and 
liquids.  Detailed  review  by  insurance  underwriters'  engineering 
staff  was  made  to  assure  a design  meeting  industry  safety  and 
fire  protection  criteria. 

The  body  of  this  report  and  its  listed  documentation 
provides  all  documentation  relating  to  plant  design  (with  the 
exception  of  incinerator  design  details  to  be  provided  in  a 
later  submission)  and  specifically  includes  design  criteria, 
data,  calculation,  drawings,  layouts,  equipment  lists  and 
specifications,  process  description,  flowsheets  and  material 
balances,  foundation  investigation  test  results,  off  sites 
layouts  and  connection  points,  access  roads  and  grading  re- 
quirements. The  design  meets  all  applicable  federal,  state, 
local  and  industry  standards,  codes  and  schedules  and  is  con- 
sistent with  the  requirements  of  the  DOD  Construction  Criteria 
Manual  0 ) . 


Due  to  the  voluminous  documentation  which  makes  up 
the  total  design  package,  this  report  contains  only  those  princi- 
pal documents  which  describe  the  NHC  facility  in  broad  terms 
(process  flow  diagrams,  engineering  flow  diagrams,  plot  plan,  etc.) 
The  supplemental  detailed  design  documentation  listed  in 


TIT 


Construction  Criteria  Manual,  Department  of  Defense,  DOD 
4720. 1 -M,  October  1 , 1 972  . 


-5- 


C4UtRV  CHEMICAL  COMPANY 


Appendix  E will  be  maintained  and  made  available  for  retrieval 
as  f ol 1 ows : 

1)  Copies  of  drawings  and  originals  of  all  other 
design  documents  and  design  calculations  will 
be  stored  and  maintained  by  Dravo  Corporation, 
Chemical  Plants  Division,  for  a minimum  of 
five  years. 

2)  Original  tracings  and  copies  of  all  other 
design  documentation  will  be  stored  and  main- 
tained by  Callery  Chemical  Company,  Division 
of  Mine  Safety  Appliances,  for  the  -life  of 
the  NHC  facility. 

3)  Record  copies  of  all  design  documentation  will 
be  maintained  at  not  more  than  two  locations 
under  the  cognizance  of  the  U.  S.  Army  Missile 
R & D Command,  Redstone  Arsenal,  Alabama. 
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This  technical  report  presents  the  final  facility  de- 
sign under  Contract  DAAK40-76-C-1 256  (Sequence  No.  A001  of  Con- 
tract DO  Form  1423).  The  design  effort  was  conducted  by  Callery 
Chemical  Company  and  its  principal  engineering  subcon  tractor 
Dravo  Corporation  during  the  period  from  November  12,  1976 
through  August  31,  1977. 

The  report  and  its  appended  documentation  provide  the 
engineering  design  for  implementation  of  a low  cost  process  for 
production  of  NHC  (n-hexyl  carborane)  meeting  the  following  pro- 
ject objectives  quoted  from  Contract  TR  No.  6116: 

"Design  a modular  carborane  facility  with 
a maximum  production  capacity  of  30,000  lbs 
NHC  per  year.  The  facility  shall  have  a 
15  year  economic  life  and  its  annual  pro- 
duction rate  shall  be  based  on  an  operating 
year  of  300  stream  days.  The  n -hexyl carborane 
(NHC)  produced  by  this  facility  shall  conform 
to  the  NHC  specification  Nr  1003,  dated  14 
Aug  74.  The  diborane  feedstock  shall  be  a 
minimum  of  96  weight  % pure  diborane  in  the 
liquid  phase  and  shall  contain  no  more  than 
a maximum  of  2 1 noncondensables." 

"Design  and  identify  the  minimum  equipment 
to  demonstrate  a low  cost  process  to  produce 
NHC  at  a rate  of  4000  lbs/300  stream  days/ 
year  and  demonstrate  this  process.  Existing 
contractor  equipment  may  be  used  to  demon- 
strate the  decaborane  to  NHC  conversion 
process . " 

"Design  and  identify  additional  equipment 
necessary  to  support  low  rate  production  of 
9000  lbs  of  NHC  per  year  based  on  300  stream 
days  per  year  of  operation." 

"Design  and  identify  additional  equipment  to 
expand  production  of  NHC  to  30,000  lbs/300 
stream  days/year." 
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Callery's  approach  to  meeting  these  objectives  was 
based  primarily  on  prior  process  development  studies  and  ex- 
tensive commercial  production  experience  with  a variety  of  boron 
chemicals,  including  NHC.  This  experience  had  demonstrated  that 
for  any  process  involving  boron  hydride  based  materials  safety 
was  of  paramount  importance,  with  operational  feasibility  and 
cost  following  in  that  order.  This  philosophy,  employed  in  all 
of  Gallery's  production  operations,  has  resulted  in  over  11  years 
of  commercial  operation  with  no  lost  time  from  accident  or  toxic 
exposure. 

Callery's  selected  process  concept  for  low  cost  pro- 
duction of  NHC  from  diborane  starting  material  involves  two 
major  process  steps:  (1)  conversion  of  diborane  (B2)  to  deca- 
borane  (BIO);  and  (2)  conversion  of  BIO  to  NHC.  At  the  outset 
of  this  facility  design  effort,  Callery  had  partially  completed 
a process  development  study,  funded  under  Army  Contract  DAAK40- 
75-C-1243,  which  provided  a data  base  for  design  of  the  B2  to 
BIO  process  step.  This  step  involves  vapor  phase  pyrolysis  of 
diborane  at  moderately  elevated  temperature  (^200°C)  and  near 
atmospheric  pressure  (3-5  psig)  in  a unique  convective  circu- 
lation reactor.  These  process  conditions  meet  the  desired 
sarety  criteria  and  also  provide  a high  BIO  content  solid  pro- 
duct that  does  not  require  high  vacuum  sublimation  purification. 

The  second  process  step,  conversion  of  BIO  to  NHC, 
was  developed  by  in-house  Callery  laboratory  and  engineering 
studies  from  a laboratory  recipe  provided  by  the  Army.  These 
process  improvement  studies  resulted  in  a commercial  scale 
process  with  BIO  to  NHC  yields  of  the  order  of  50  percent  of 
theory,  compared  with  only  30-35  percent  yield  from  the  original 
lab  procedure. 


CALLS  ff  V CHEMICAL  COMPANY 


DESIGN  BASIS 


General 

The  overall  NHC  facility  design  basis  includes  the 
following  items  set  forth  in  the  Contract  TR  6116: 

The  designed  modular  carborane  facility 
shall  have  a maximum  production  capacity 
of  30,000  lbs  NHC  per  year.  The  facility 
shall  have  a 15  year  economic  life  and  its 
annual  production  rate  shall  be  based  on 
an  operating  year  of  300  stream  days.  The 
n-hexyl  carborane  (NHC)  produced  by  this 
facility  shall  conform  to  the  NHC  speci- 
fication Nr.  1003,  dated  14  August  74. 

The  diborane  feedstock  shall  be  a minimum 
of  96  weight  % pure  diborane  in  the  liquid 
phase  and  shall  contain  no  more  than  a 
maximum  of  2%  noncondensables. 

The  design  shall  be  such  that  the  facility 
constructed  shall  be  in  accordance  with 
all  applicable  federal,  state,  local  and 
industry  codes,  standards  and  schedules. 

The  contractor  shall  meter  all  utilities 
used  by  the  NHC  facility  and  shall  pro- 
vide meters  for  this  purpose  separate 
from  his  own  meters. 

Other  technical  requirements  and  criteria  centered 
around  operational  safety  and  environmental  acceptability. 

Of  major  concern  with  regard  to  these  parameters  is  the  B2  to 
B10  process  step  which  presents  the  principal  toxicity  exposure 
hazard  and  environmental  emission  problems.  In  the  B10  to  NHC 
process  Si.ep,  the  borane  vapor  toxicity  hazard  is  essentially  elimi- 
nated by  the  first  reaction  step  and  thus  from  that  point,  the 
principal  hazards  and  emission  control  problems  are  those  pre- 
sented by  flammable  organic  solvents. 

The  critical  nature  of  the  B2  to  B10  process  operations 
requires  that  this  process  meet  criteria  developed  from  Callery's 
long  and  successful  experience  in  the  manufacture  of  diborane 
and  diborane  derived  products.  These  criteria  include: 
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1)  Processing  of  diborane  at  relatively 
low  temperatures  and,  more  importantly, 
at  low  pressures,  preferably  at  slightly 
above  atmospheric  pressure  to  prevent 
air  leakage  into  process  equipment. 

2)  High  ultimate  conversion  of  diborane  to 
eliminate  the  need  for  difficult, 
hazardous  and  costly  cryogenic  recovery 
operations  and  to  minimize  emission  con- 
trol problems. 

3)  Diborane  handling  and  processing  operations 
under  conditions  that  minimize  the  physical 
inventory  of  diborane  and  other  volatile 
boranes  in  the  process  area. 

The  selected  B2  to  BIO  process  meets  these  criteria 
and  additionally  provides  a safety  bonus  by  yielding  a high 
BIO  content  solid  product  that  does  not  require  the  high 
vacuum  sublimation  purification  typically  required  of  BIO  pro- 
duced by  other  routes. 

BIO  Process 

The  design  basis  for  the  BIO  process  was  derived  from 
pyrolysis  reactor  development  studies  which  provided  yield-feed 
rate  data  for  both  1 in.  and  2 in.  ID  reactor  sizes  and  for  both 
single  and  two  state  operation.  Figure  2 shows  schematically 
the  arrangement  of  a single  convective  circulation  reactor  loop. 

Diborane  pyrolysis  proceeds  by  a complex  mechanism 
involving  a large  number  of  both  stable  and  transitory  borane 
intermediates.  For  example.  Long  (1  970}lin  a review  of  diborane 
pyrolysis  identifies  at  least  10  intermediate  boranes  and  more 
than  20  reaction  steps  that  may  be  involved  in  formation  of 
decaborane.  Decaborane  and  the  polymeric  hydride,  (BH)X,  are 
solids  at  ambient  temperatures  and  are  thus  readily  isolated 


1.  Long,  L.H.,  "The  Mechanisms  of  Thermal  Decomposition 
of  Diborane  and  of  Interconvers i on  of  the  Boranes", 
J.  Inorg.  Nucl  . Chem. , 1 970,  Vol  32,  pp  1 097-1  1 1 5 
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from  the  other  volatile  borane  intermediates.  Under  pyrolysis 
conditions  above  about  150°C  in  the  convective  loop  reactor, 
ultimate  products  are  pr  marily  BIO  and  (BH)x. 

To  avoid  complications  arising  from  reaction  mechanism 
interpretation,  the  experimental  yield  data  obtained  from  the 
reactor  development  studies  were  expressed  in  terms  of  the  total 
diborane  feed,  as  percent  of  the  simplified  theoretical  reaction 

5B2H5  — BiqN14  + 8H2- 

For  this  reaction,  the  theoretical  yield  of  BIO  is  0.88  lb  of 
BIO  per  lb  of  B2.  Thus,  an  experimentally  reported  yield  of 
50  percent  would  mean  formation  of  0.44  lb  BIO  per  lb  of  B2  fed 
to  the  reactor. 

Pyrolysis  data  correlation  indicated  that  yields  of 
BIO  and  the  undesirable  co-product  (BH)x  are  primarily  functions 
of  B2  feed  rate,  pyrolysis  temperature  (measured  as  axial  gas 
temperature  in  the  heater  section)  and  the  convective  recircu- 
lation rate.  Feed  rate  and  gas  temperature  are  independent 
variables  while  recirculation  rate  is  a complex  function  of  gas 
composition,  temperature  and  relative  elevations  of  heater  and 
condenser. 

Typical  experimental  BIO  yield  variation  with  B2  feed 
rate  is  illustrated  in  Figure  3 for  two  stage  operation  of  the 
1 in.  and  2 in.  ID  reactor  combinations  at  similar  pyrolysis 
temperatures.  It  was  also  shown  that  by  correlating  BIO  yield 
with  B2  feed  rate  expressed  as  lb  per  hr  ft2  of  heated  reactor 
surface,  internally  consistent  correlation  could  be  obtained 
for  both  1 in.  and  2 in.  scale  reactors.  Individual  stages  of 
two  stage  operation  were  similarily  correlated  by  making  some 
simplifying  assumptions  as  to  the  composition  of  the  second 
stage  feed  and  the  relative  split  of  (BH)x  formed  in  each 
stage.  This  method  of  data  correlation  is  illustrated  in 
Figure  4 for  overall  two  stage  BIO  yield  and  in  Figure  5 for 
individual  stagewise  BIO  yield. 
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FIGURE  4 - OVERALL  TWO  STAGE  YIELD-FEED  RATE  CORRELATION 
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Engineering  analysis  of  the  experimental  yield  data, 
overall  B2  utilization  and  other  technical  requirements  resulted 
in  an  optimum  unit  reactor  configuration  consisting  of  three 

stages  of  4 in.  ID  loops,  having  a nominal  48  in.  long  heated 

2 

section  or  4.2  ft  of  heated  surface.  The  variation  of  BIO  yield 

and  production  rate  with  B2  feed  rate  for  this  selected  unit 

reactor  is  illustrated  in  Figure  6.  At  the  design  feed  rate  of 

2 

0.84  1b  B2/hr  (equivalent  to  0.2  Ib/hr  ft  ),  the  unit  reactor  has 
the  design  capacity  equivalent  to  2500  lbs  NHC/300  SO.  Thus,  for 
30,000  lbs  NHC/yr  design  capacity,  12  unit  reactors  in  parallel 
are  required. 

Selection  of  this  optimum  number  of  reactors  was  based 
on  tradeoff  analysis  involving  B2  utilization  and  capital  and 
operating  costs  of  multiples  of  unit  reactors  operating  at  various 
B2  feed  rates.  Details  of  this  tradeoff  analysis  are  given  in 
Appendix  A. 

The  resulting  design  basis  for  the  B10  process  may  be 
summarized  by  the  block  diagram  of  Figure  7 which  gives  the  cal- 
culated material  balance  around  a three  stage  unit  reactor. 
Engineering  design  of  an  individual  reactor  stage  is  shown  in 
Figure  8. 

NHC  Process 

The  design  basis  for  the  B10  to  NHC  process  was  derived 
by  scale-up  of  Callery's  existing  commercial  production  process. 
Since  early  1972,  Callery  has  been  producing  NHC  for  government 
usage.  Starting  with  a laboratory  recipe  provides  by  the  Army, 
the  process  was  tested  at  laboratory  scale  and  subsequently  scaled 
to  multi-pound  batch  production  levels.  In  1973  increased  pro- 
duction requirements  led  to  an  in-house  study  to  improve  process 
yields  and  reduce  costs.  As  a result  of  process  modifications,  NHC 
conversion  yield  from  B10  was  increased  from  near  30  percent  to  near 
55  percent.  These  improvements  were  incorporated  into  production 
early  1974  with  verification  of  yield  improvement  at  nominally  16  lb 
batch  production  levels.  Over  300  lbs  of  NHC  has  been  made  by 
Callery's  process,  all  of  it  meeting  Army  product  specifications. 
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FIGURE  7 - BLOCK  DIAGRAM  AND  MATERIAL  BALANCE  FOR  4"  ID  UNIT  BIO  REACTOR 
(QUANTITIES  IN  LBS/HR) 
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In  brief,  crude  NHC  is  produced  by  sequential  batch- 
wise  solution  processing,  initially  converting  BIO  to  the  sulfide 
ligand  with  subsequent  reaction  with  1-octyne  to  obtain  crude 
NHC.  Key  parameters  in  achieving  high  conversion  yield  are 
reactant  and  solvent  ratios,  addition  rates  and  time-temperature 
conditions. 

Subsequent  process  steps  involve  extraction  of  NHC 
from  its  waste  co-products  with  pentane,  purification  by  aqueous 
salt  solution  washing,  solvent  stripping  and  high  vacuum  dis- 
tillation. To  assure  production  of  NHC  with  requisite  pro- 
pellant formulation  and  storage  life  characteristics,  all  NHC 
delivered  for  propellant  usage  has  been  doubly  distilled  with 
an  intervening  heat  soak  or  pyrolysis  step.  This  requirement 
has  been  incorporated  into  the  facility  design  to  assure  pro- 
duct quality. 

Using  the  present  Callery  commercial  process  as  the 
design  basis  for  the  NHC  process,  the  design  yield  based  on  the 
simplified  overall  theoretical  reaction 

B10h14+c8h14  ^ B10H11C2C8H13+2H2 

(BIO)  (1-octyne)  (NHC) 

is  52  percent,  equivalent  to  0.97  lb  HNC  per  lb  BIO.  For  the 
30,000  lbs  NHC/yr  design,  process  batch  size  is  set  for  pro- 
duction of  100  lbs  NHC  per  stream  day,  requiring  103  lbs  B10/SD. 
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PROCESS  DESCRIPTION 

General 

The  proposed  facility  will  produce  NHC  at  a rate  of 
30,000  Ibs/yr  starting  with  diborane  (B2)  and  certain  organic 
raw  materials  and  solvents.  As  illustrated  in  the  process 
block  schematic,  Figure  9,  the  facility  consists  of  two  principal 
process  areas,  namely: 

a.  The  BIO  area  in  which  B2  is  converted 
to  BIO  by  continuous  vapor  phase 
pyrolysis;  and 

b.  the  NHC  area  in  which  BIO  is  converted 
to  NHC  by  sequential  batch  solution 

| processing  and  purification. 

Supporting  facilities  for  the  process  operations  in- 
clude a drum  storage  area,  tank  farm,  utilities  area,  vent  system 
* and  waste  disposal  area,  and  change  house  for  the  operating 

personnel.  Process  areas  and  supporting  facilities  are  arranged 
i for  operating  convenience  and  safety  as  illustrated  by  the  plot 

plan,  Fi gure  10. 
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Off-site  facilities  connected  to  the  production  facility 
include  natural  gas,  electricity,  telephone,  potable  and  process 
water,  fire  water,  sanitary  sewers  and  diborane  supply.  These 
off-site  requirements  are  provided  by  appropriate  connections  to 
existing  facilities  of  the  Callery/Mine  Safety  Appliances  Company 
plant.  Incinerator  quench  water  requirements  will  be  provided 
by  connection  to  a well  to  be  drilled  near  the  present  Callery/ 

MSA  main  electrical  substation.  Sanitary  wastes  are  piped  to 
the  existing  Callery/MSA  waste  treatment  facility. 

Raw  Materials  and  Storage 

Principal  raw  materials  and  solvents  are  listed  in 
Table  1 along  with  some  pertinent  physical  properties.  Material 
usages  are  shown  on  the  process  flow  diagrams.  Figures  11  through 
I5,  which  follow  the  process  description. 
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Raw  Materials 


Process 


Waste 

Disposal 


Utilities 


B2 


Acetone  N 

Methanol  ' T 
Hexane 


Rl 
R 2 


R3 


R1 

1 Qctyne 


R4 

Toluene 
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Electrici ty 
Process  Water 
Nitrogen 
Steam 

Cooling  Water 
Chilled  Water 
Air 


Vent 

Stack 


Incinator 


Quench  Water 
Fuel  Oil 
Natural  Gas 


Solid  nhC 
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Electricity 
Process  Water 
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Steam 

Cooling  Water 
Chilled  Water 
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TABLE  1 : PROCESS  MATERIALS 


Material 

State 

Speci f i c 

Gravi ty 
( Water-1 .0) 

Mel  ting 
Point 

-(-Of)... 

Boi ling 
Point 

isn 

B2  (Diborane) 

G 

- - - 

-266 

-134 

BIO  (Decaborane) 

S 

— 

211 

416 

R-1  (Oibutyl  Ether) 

L 

0.77 

-139 

286 

R-2  (Dioxane) 

L 

1.03 

50 

214 

R-3  (Dibutyl  Sulfide) 

L 

0.84 

-112 

360 

R-4  (Pyridine) 

L 

0.98 

- 44 

240 

1 -Octyne 

L 

0.75 

-110 

260 

Acetone 

L 

0.79 

-138 

134 

Methanol 

L 

0.79 

-144 

148 

Hexane 

L 

0.66 

-140 

156 

Pentane 

l 

0.63 

-202 

97 

NHC  (n-hexyl  carborane) 

L 

0.89 

- 76 

— 
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Drummed  raw  material  will  be  stored  in  the  drum  storage 
area  and  transported  by  fork  truck  to  centralized  transfer 
stations  adjacent  to  the  BIO  and  NHC  process  areas.  In-plant 
storage  of  drummed  material  provides  for  30  days  operating  supply. 

Bulk  storage  material  will  be  received  by  tank  truck, 
nominally  4000  gallons  per  delivery.  These  materials  are  stored 
in  the  tank  farm  area  and  piped  to  the  appropriate  usage  points. 

Miscellaneous  materials,  such  as  cooling  tower  and 
boiler  water  treatment  chemicals,  are  stored  in  the  drum  storage 
area.  As  required,  these  materials  are  weighed  out  in  the  drum 
storage  area  and  either  hand  carried  or  fork  truck  carried  to 
the  users. 

BIO  Production 

Conversion  of  diborane  (B2)  to  decaborane  (BIO)  is 
effected  in  a parallel  group  of  three  stage  convective  circu- 
lation type  reactors.  Each  reactor  consists  of  three  loops  con- 
nected in  series,  each  loop  of  which  is  a stage  and  consists  of 
a vertical  heating  and  a vertical  cooling  section  connected  at 
their  tops  and  bottoms.  The  heating  and  cooling  sections  are 
arranged  to  induce  a recirculation  of  the  vapor  in  each  loop. 

The  recirculation  rate  is  approximately  15  times  the  feed  rate. 

The  reactor  is  started  up,  after  purging  with  nitrogen,  by 
feeding  nitrogen  at  a controlled  rate  to  the  first  stage  and 
bringing  the  heater  and  cooler  sections  to  operating  tempera- 
ture. When  the  unit  is  at  temperature,  the  nitrogen  flow  is 
replaced  by  diborane.  The  diborane  is  heated  and  partially 
converted  to  BIO  and  other  boron  hydride  polymer  in  the  verti- 
cal section  (4  in.  diameter  by  4 ft  long)  of  the  stage  by  an 
electric  heater.  The  temperature  of  the  material  at  the  top 
of  the  heating  section  is  approximately  410°F  (210°C).  It  is 
cooled  by  ambient  conditions  in  the  top  horizontal  run  section 
to  180-200°F  and  then  enters  the  top  of  the  vertical  cooling 
section.  This  cooling  in  the  horizontal  section  allows  poly- 
meric boron  hydrides  to  solidify  out  while  the  BIO  remains  a 
vapor. 
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In  the  second  vertical  section  of  the  loop,  the  BIO  is 
desublimated  by  chilled  cooling  water.  This  condensing  section 
has  a motionless  mixer  which  may  be  either  continuously  or 
periodically  rotated  to  dislodge  solid  BIO.  The  vapor  leaves 
the  condensation  section  at  54°F  (12°C),  part  recycling  to  the 
first  stage  heater  and  part  proceeding  to  the  second  stage. 

Solid  BIO  falls  to  a collection  hopper.  The  collection  hoppers 
are  portable  containers  sized  to  handle  the  BIO  produced  be- 
tween washouts  of  the  loop  as  described  below. 

The  boron  compounds  proceed  through  the  second  and 
third  stages  in  the  same  manner  as  the  first  stage.  These  stages 
are  identical  in  construction  and  similar  in  temperature  profile 
to  the  first  stage.  The  exit  vapor  from  the  third  stage  is  ex- 
hausted through  one  of  two  micrometallic  filters  to  a BIO  vent 
header  which  discharges  to  the  waste  incineration  system.  Two 
vapor  filters  are  provided  to  insure  completion  of  a cycle  with- 
out shutdown  due  to  a filter  being  loaded.  Provision  is  made 
so  that  in  the  event  the  on-stream  filter  becomes  loaded,  it  can 
be  pulsed  with  nitrogen  and  the  solids  blown  back  to  the  loop. 

In  the  event  this  does  not  clean  the  filtering  surface  flow  can 
be  switched  to  the  second  unit,  the  first  unit  purged  and  the 
unit  removed  for  cleaning  with  solvent.  After  cleaning,  the 
unit  can  be  reinstalled,  purged  with  nitrogen  and  then  put  back 
i nto-  operati on  when  needed.  At  the  completion  of  the  reactor 
cycle,  this  filter  can  be  washed  in  place  along  with  the  re- 
actor loops. 

At  the  end  of  a loop  run,  the  loops  undergo  a purging 
procedure.  The  purging  operation  of  a reactor  consists  of 
several  steps.  First,  the  diborane  flow  is  shut  off  and  replaced 
by  nitrogen  at  a rate  twice  that  of  the  diborane  flow.  The 
heating  and  cooling  sections  are  maintained  at  their  operating 
temperatures  to  provide  recirculation.  The  gases  from  the  third 
stage  are  discharged  to  the  BIO  vent  header.  This  operation  is 
continued  until  the  reactive  materials  have  been  displaced  by 
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nitrogen.  During  the  latter  part  of  the  purge,  the  heater  is 
then  turned  off  and  the  hot  section  down  to  ambient  temperature. 
The  hopper  connection  is  purged  by  closing  the  valves  between 
the  loops  and  the  hoppers,  then  connecting  the  distance  piece 
between  the  valves  to  the  high  velocity  vent  header  which  dis- 
charges to  the  incineration  system  and  purging  with  nitrogen. 

After  the  nitrogen  purge,  the  connection  is  broken  and  a suction 
maintained  on  the  opening  by  the  blower  in  the  high  velocity 
vent  header  system  until  the  opening  is  blanked  off. 

After  this  purging  operation,  the  hoppers  containing 
the  product  810  are  transferred  by  means  of  a lift  truck  to  a 
weight  scale.  After  weighing,  they  are  transferred  to  and 
emptied  into  a dissolving  tank.  After  the  BIO  in  the  portable 
hoppers  is  dumped  into  a dissolving  tank.  Reagents  R-l  and  R-2, 
which  have  been  pumped  from  their  respective  drums  into  measuring 
pots,  are  added.  The  solution  is  agitated  for  at  least  15  minutes 
with  low  pressure  steam  maintaining  the  temperature  at  100°F.  A 
sample  is  taken  of  the  solution  which  has  been  proportioned  to 
have  a slight  excess  of  BIO.  After  the  sample  is  analyzed,  R-l 
and  R-2  are  added  to  bring  the  final  solution  to  the  proportions 
based  upon  the  total  BIO  available. 

Also  after  the  purging  operation,  the  loops  undergo  a 
two  step  washing  operation.  In  the  first  step,  the  loop  system 
is  flooded  with  hexane,  which  is  added  from  a charging  tank,  to 
dissolve  BIO  still  clinging  to  the  walls  of  the  loop.  Venting 
of  the  system  is  accomplished  through  the  three  lines  at  the 
mixers.  Nitrogen  is  bubbled  through  the  system  to  aid  in  dis- 
solution. After  one-half  to  one  hour  of  agitating  the  hexane, 
the  hexane  is  drained  and  pumped  through  a micrometallic  filter 
to  extract  undissolved  (BH)X  Impurities  into  the  hexane  hold 
tank.  Makeup  hexane  is  added  to  the  hold  tank  from  drummed 
material . 

When  the  hexane  wash  stream  has  become  saturated  with 
BIO  (4%  by  weight),  the  hexane  is  diverted  to  the  wash  system 
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kettle.  Approximately  67  gallons  of  saturated  hexane  can  be 
processed  at  one  time.  This  amounts  to  approximately  one-half 
the  volume  of  hexane  in  the  hold  tank  and  approximately  33  per- 
cent more  than  the  volume  required  for  washing  a loop.  The 
temperature  is  kept  low  (102°F)  to  prevent  degradation  by  main- 
taining a pressure  of  5 psia.  Product  hexane  is  condensed  in  a 
water  cooled  exchanger  and  collected  for  transfer  back  to  the 
hexane  hold  tank.  Uncondensed  vapors  are  pulled  through  a cold 
trap  maintained  at  -108°F  (-78°C)  before  venting.  After  most 
of  the  hexane  is  boiled  off,  the  unit  is  shut  down  until  the 
next  batch  must  be  processed.  The  residue  from  several  batches 
is  collected  in  this  kettle.  After  the  hexane  boil  off  from  the 
final  batch,  the  pressure  can  be  reduced  to  3 psia  and  more 
hexane  removed.  The  recovered  hexane  is  then  pumped  to  the 
hexane  hold  tank,  and  the  pressure  is  reduced  to  a vacuum  of  1 
mm  Hg  absolute  and  the  solid  810  reduced  to  dryness.  The  dry 
BIO  remaining  in  the  kettle  is  slurried  with  R-l  and  R-2  and 
sent  to  the  NHC  system.  The  bulk  of  the  hexane  is  removed  in 
about  one  hour,  and  the  total  kettle  time  per  batch  for  the  last 
batch  is  approximately  three  hours. 

The  second  solvent  wash  step  uses  a combination  of 
methanol  and  acetone  in  equal  proportions.  Methanol  and  acetone 
are  added  from  their  respective  tanks  to  an  agitated  tank  for 
mixing.  When  the  hexane  has  been  drained  from  the  pyrolysis 
loop,  the  methanol -acetone  mixture  is  added  to  dissolve  the 
(BH)X  . After  a procedure  similar  to  the  hexane  dissolution, 
the  methanol -acetone  solution  is  pumped  to  the  process  drain 
tank  for  disposal  by  incineration.  Two  or  more  methanol -acetone 
washes  may  be  required  for  each  loop  wash  depending  on  the  amount 
of  polymer  present. 

When  the  reaction  of  BIO  with  R-l  and  R-2  in  the  dis- 
solving tank  is  completed,  the  reaction  product  is  transferred 
by  means  of  nitrogen  pressure  to  the  dissolver  filter.  This  is 
a mi crometal 1 i c type  filter  in  which  any  polymer  present  is 
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filtered  out.  The  filtrate  from  the  filter  is  collected  in  the 
dissolver  product  received.  The  filter  also  drains  into  this 
receiver.  When  a day's  production  is  collected  in  this  re- 
ceiver the  material  is  pumped  to  the  dissolver  surge  tank  in  the 
NHC  system.  Since  the  volume  transferred  is  relatively  small 
compared  to  the  holdup  in  the  line,  the  transfer  line  is  so 
arranged  that  there  is  a short  vertical  run  of  pipe  above  the 
pump  which  connects  to  a long  horizontal  run  of  pipe  to  the 
surge  tank.  This  horizontal  run  is  sloped  toward  the  surge  tank. 
At  the  intersection  of  the  vertical  and  horizontal  runs  a nitro- 
gen connection  to  supply  nitrogen  for  blowing  all  the  liquid  in 
the  horizontal  run  to  the  surge  tank  and  all  the  liquid  in  the 
vertical  run  into  the  dissolver  product  receiver.  This  not  only 
provides  for  transferring  a full  NHC  feed  batch  but  prevents  any 
possible  hydrogen  formation  which  may  occur  when  the  solution 
sets  for  a period  of  time  from  collecting  in  the  lines.  Hydrogen 
formation,  therefore,  is  limited  to  the  two  tanks  which  are  pro- 
perly vented  for  this. 

A filter  wash  system  is  provided  for  washing  the  polymer 
from  the  dissolver  and  borane  filters.  This  consists  of  a filter 
wash  tank  and  filter  wash  recirculation  pump.  The  wash  tank  is 
charged  with  methanol -acetone  solution.  Before  use,  this  wash 
solution  is  chilled  in  this  tank  to  50°F  by  means  of  chilled 
water.  This  is  necessary  to  prevent  overheating  this  wash  liquor 
from  the  exothermic  reaction  which  occurs  when  the  polymer  on  the 
filters  reacts  and  dissolves  in  the  wash  liquor.  The  chilled 
wash  liquor  is  recirculated  for  the  wash  tanks  through  the  filter 
and  back  to  the  tank  until  all  the  polymer  is  removed.  This  re- 
quires several  minutes.  The  wash  liquor  flow  through  the  filter 
is  opposite  of  that  of  the  feed  so  a backwashing  effect  is  ob- 
tained. When  washing  is  complete  the  filters  are  drained  and  then 
purged  with  nitrogen.  The  spent  wash  liquor  is  then  transferred 
to  the  process  drain  tank  for  disposal  by  incineration.  Each 
filter  is  washed  after  each  batch  of  dissolver  product  or  hexane 
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loop  wash  batch  is  filtered.  The  filters  are  washed  on  alter- 
nating three  hour  cycles. 

NHC  Production 

The  production  of  n-hexyl  carborane  (NHC)  from  deca- 
borane  (BIO)  is  undertaken  in  a two-step  batch  reaction.  Dis- 
solved BIO  from  the  dissolver  and  from  the  hexane  wash  kettle 
is  received  in  separate  agitated  surge  tanks.  The  dissolver 
product  surge  tank  holds  one  day's  production  of  BIO  material 
in  solution.  The  wash  product  surge  tank  holds  one  wash  kettle 
product  batch  (based  on  three  wash  kettle  batches  of  67  gallons 
each  every  five  weeks  being  evaporated  to  dryness,  dissolved  in 
R-l  and  R-2  then  transferred  to  the  surge  tank).  The  wash  pro- 
duct material  is  blended  as  desired  with  the  dissolved  material 
to  make  up  an  R-3  reactor  charge.  A nitrogen  blanket  at  6 in. 
H2O  is  maintained  on  the  surge  tanks  and  R-3  measuring  pot. 

Level  gauges  are  used  to  measure  the  quantities  of  fluids  in 
the  surge  tanks  and  R-3  pot  which  are  the  feed  materials  for 
the  R-3  reactor.  One  day's  production  of  BIO  constitutes  an 
R-3  reactor  batch. 

The  BIO  solution  is  first  added  batchwise  to  the  R-3 
reactor.  Fifty  percent  excess  R-3  is  then  added  also  batchwise. 
The  nitrogen  blanket  which  is  displaced  during  charging  and  the 
hydrogen  evolved  during  the  reaction  is  vented  to  the  NHC  vent 
header.  The  reaction  is  slightly  exothermic.  Cooling  water  in 
the  jacket  of  this  agitated  vessel  is  used  to  control  the  re- 
action temperature  of  100°F.  After  holding  the  reaction  pro- 
ducts in  the  R-3  reactor  for  the  remainder  of  a 24  hour  day, 
they  are  pumped  to  the  NHC  feed  pot.  The  reaction  occurs  over 


I 

I 
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the  total  24  hours. 

This  pot  and  the  R-l  and  1-octyne  measuring  pots  are 
also  blanketed  with  nitrogen  at  6 in.  H2O.  The  50  percent  excess 
R-l  and  50  percent  excess  1-octyne  are  measured  and  gravity  fed 
into  the  NHC  reactor.  NHC  is  produced  as  the  previous  reaction 
product  is  slowly  added  over  a period  of  2 hours.  During  this 
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time  period,  a small  quantity  of  steam  is  supplied  to  the  jacket 
to  maintain  the  temperatures  of  the  batch  at  266°F.  Hydrogen 
is  evolved  during  the  reaction  and  flows  through  the  NHC  con- 
denser, where  condensables  are  condensed  out  and  refluxed  back 
to  the  reactor,  to  the  incineration  system  via  the  NHC  vent  header. 

The  kettle  is  then  held  for  an  additional  hour  at  266°F 
and  under  total  reflux  to  complete  the  reaction.  The  reactor  is 
then  evacuated  to  2 mm  Hg,  and  the  temperature  maintained  at  266°F. 
The  vapor,  which  is  primarily  R-l , R-2  and  excess  1-octyne,  which 
is  evolved  during  this  step  is  essentially  all  condensed  in  the 
NHC  reactor  condenser.  Boilup  is  carefully  controlled  because 
of  a foaming  problem.  A sight  glass  is  provided  in  the  vapor  line 
to  detect  foam  formation.  The  condensed  fluid  flows  by  gravity 
to  the  reaction  waste  receiver  while  the  small  amount  of  nor- 
condensables  are  pulled  through  the  reaction  cold  trap  filled 
with  dry  ice  and  methanol  at  -108°F  ( - 78 ° C ) by  the  vacuum  pump. 

The  exhaust  from  the  reaction  vacuum  pump  goes  to  incineration 
system  via  the  vent  header  while  the  condensed  fluid  in  the  re- 
action waste  receiver  and  reaction  cold  trap  is  pumped  to  the 
process  drain  tank  from  which  it  is  also  disposed  of  in  the  in- 
cineration system. 

The  product  solution  left  in  the  NHC  reactor  is  dropped 
into  the  planetary  mixer.  Nitrogen  pressure  aids  in  the  flow  of 
this  viscous  solution.  While  the  solution  is  in  the  planetary 
mixer,  R-4  from  a measuring  pot  is  slowly  added.  Cooling  water 
in  the  jacket  of  the  mixer  keeps  the  contents  below  113°F  ( 4 5 0 C ) 
while  the  mixer  establishes  good  contact.  The  NHC  vent  system 
removes  flammable  vapors  of  this  and  succeeding  steps.  Two  hours 
after  the  R-4  has  been  added,  pentane  extraction  of  the  NHC  is 
started.  Four  separate  successively  smaller  additions  of  pentane 
are  used  to  extract  the  NHC.  After  each  addition,  the  top  layer 
of  pentane  and  NHC  is  pumped  to  the  NHC  wash  tank;  the  final 
residue  is  pumped  to  the  process  drain  tank  after  thinning  with 
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toluene.  The  addition  pots  have  a nitrogen  blenket  and  "breathe" 
similarly  to  the  previous  pots. 

The  NHC-pentane  solution  is  washed  in  the  NHC  wash  tank 
by  caustic  and  salt  solutions.  Each  wash  includes  addition  of 
the  sodium  solution  plus  a volume  of  process  water  approximately 
equal  to  75-80  percent  of  the  wash  solution.  Two  additions  of 
8 percent  caustic  solution  are  prepared  by  diluting  50  percent 
caustic  in  the  caustic  dilution  tank.  Two  additions  of  5 per- 
cent sodium  chloride  are  prepared  by  dissolution  in  the  salt  di- 
lution tank.  Each  addition  of  wash  solution  is  followed  by  15 
minutes  of  agitation  and  15  minutes  of  settling.  Then  the  bottom 
layer  is  drained  through  a flow  glass  to  the  wash  recycle  pump 
which  discharges  it  to  the  process  drain  tank.  As  the  change  in 
phase  is  observed  in  the  flow  glass,  the  fluid  is  diverted  to  the 
NHC  wash  hold  tank  so  that  it  may  be  recycled.  After  the  four 
washes,  the  NHC-pentane  solution  is  pumped  to  the  NHC  purification 
system.  Provision  is  made  so  that  the  second  washes  of  both  brine 
and  caustic  can  be  transferred  to  the  measuring  pots  for  use  as 
the  first  wash  if  desired. 

The  NHC  purification  system  consists  of  an  atmospheric 
batch  distillation  unit  and  two  vacuum  batch  distillation  units, 
one  of  which  is  a spare.  The  atmospheric  distillation  unit  con- 
sists of  the  hot  water  heated  NHC  purification  kettle,  a packed 
tower,  condenser  and  receiver.  The  bulk  of  the  pentane  is  dis- 
tilled off  in  this  unit  which  operates  at  a kettle  temperature 
of  100  to  140°F  and  a reflux  ratio  of  one  to  one.  Distillation 
time  is  5 hours.  The  recovered  pentane  product  which  has  been 
cooled  to  708F  In  the  condenser,  is  collected  in  the  pentane  re- 
ceiver from  where  it  is  pumped  back  to  the  pentane  storage  tank. 

The  residue  from  the  atmospheric  distillation  which 
consists  of  NHC,  pentane,  and  side  products  is  transferred  to 
one  of  the  vacuum  distillation  units  for  the  final  purification 
step.  This  Is  a high  vacuum  system  consisting  of  an  electrically 
heated  kettle,  low  pressure  drop  packed  tower,  condenser,  reflux 
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splitter,  receivers,  cold  trap  and  vacuum  pump.  In  this  unit, 
the  temperature  in  the  still  is  gradually  increased,  the 
pressure  gradually  lowered.  The  first  overhead  cut  is  a 
waste  cut  which  contains  pentane  and  other  low  boiling 
compounds.  This  is  collected  in  the  waste  receiver  from  which 
it  is  pumped  to  the  process  drain  tank.  The  second  cut  is  a 
forecut  and  contains  considerable  product  NHC.  It  is  held  in 
the  forecut  hold  tank  for  recycling  back  to  the  kettle  for 
processing  in  the  next  batch.  The  third  cut  is  product  NHC 
and  is  collected  in  the  product  receiver.  The  evaporation 
is  terminated  when  the  temperature  is  392°F  ( 2 00 0 C ) and 
pressure  is  1/2  mmHg.  absolute.  The  purification  vacuum  pump 
used  in  the  evacuation  is  protected  from  harmful  vapors  by 
pulling  them  through  a cold  trap  filled  with  dry  ice  and 
methanol  at  -1Q8°F  ( - 7 8 0 C ) . 

The  residue  in  the  NHC  purification  still  is  pumped  to 
the  process  drain  tank  for  incineration.  Toluene  aids  in 
this  cleaning.  Product  NHC  is  transferred  by  nitrogen 
pressure  and  gravity  flow  to  a 55  gallon  drum  before  shipment. 

Provision  is  made  for  transferring  the  overhead  product 
streams  to  the  spare  still  in  the  event  further  processing  is 
requ i red . 

Utilities 

Utilities  supplied  to  the  plant  will  be  electric 
power,  natural  gas,  fuel  oil,  city  water  and  quench  water. 

The  supply  systems  for  these  utilities,  along  with  the 
sanitary  sewer  system,  are  shown  on  Engineering  Flow 
Diagram  CPD-2739-1 1 7-201  (Appendix  B}.  The  city  water  will 
be  Evans  City  water.  It  will  be  supplied  to  the  plant  from 
the  two  existing  eight  inch  lines  supplying  the  Callery 
plant  from  the  existing  reservoir.  This  water  will  be  used 
for  fire-water,  service  water  and  potable  water.  Evans  City 
water  will  be  at  ambient  temperature  and  has  the  following 
analysis : 
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Date  Sampled  11-23-76 

Log  No.  76-  3315 

pH  7.8 

Acidity  to  PHT,  mg/1,  CaCO,  4 

Alkalinity  to  M.O. , mg/1,  CaCOj  30 

Total  Solids,  mg/1  222 

Suspended  Solids,  mg/1  6 

Dissolved  Solids,  mg/1  216 


Total  Hardness,  mg/1,  CaCO, 
Calcium  Hardness,  mg/1,  CaCO 
Magnesium  Hardness,  mg/1 


cu, 

CaCO. 


Chlorides  , mg/1 , Cl 
Sulfates  , mg/1  , SO, 
Total  Sulfur,  mg/1, SO^ 


COD,  mg/1 

Total  Phosphorous,  mg/1,  P 


112 

74 

38 

30 

41 

62 

0 

0.165 


I ron , mg/ 1 , Fe 

Total  Chromium,  mg/1,  Cr 

Hexavalent  Chromium,  mg/1,  Cr 


1.02 

0.00 

0.00 


Total  Carbon  , mg/1  , C 
Inorganic  Carbon,  mg/1,  C 
Total  Organic  Carbon,  mg/1,  C 


19 

13 

6 


A new  well  will  be  installed  to  supply  the  incinerator 


quench  water  required  for  this  plant. 

Natural  gas  will  be  supplied  from  the  existing  25  psig 
supply  header  and  has  a heating  value  of  1050  BTU/cu.ft.  Natural 
gas  will  be  used  for  pilots.  Heating  requirements  will  be  supplied 
by  electric  power  or  by  No.  2 fuel  oil.  This  fuel  oil  has  a 
sulfur  content  of  .5  to  1%  by  weight. 

Electric  power  is  available  at  8320  volts,  60  cycle 
from  the  existing  Callery  main  transformer  substation. 

Utilities  generated  in  the  plant  are: 

100  psig  instrument  air 

{used  also  for  plant  air) 


30  psig  nitrogen 

45°F  chilled  water 

85°F  cooling  water 

Process  water  at  ambient  temperature 
(city  water  from  break  tank) 

50  psig  (sat.)  steam 


< 

i 
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Vent  System  and  Waste  Disposal 

Since  the  raw  materials  used  and  products  generated  in 
this  facility  are  hazardous  from  both  toxic  and  flammable  aspects, 
a waste  system  has  been  developed  to  incorporate  the  various 
materials.  The  collection  of  wastes  is  divided  into  liquid  and 
vapor  streams  and  further  subdivided  as  follows. 

The  vapor  streams  are  divided  into  four  categories 
depending  upon  location  and  usage.  In  the  BIO  building,  there 
are  three  vent  headers.  The  B1Q  vent  header  receives  exhaust  flow 
from  the  third  stage  of  the  pyrolysis  reactors  as  well  as  reliefs 
from  the  reactors  and  flows  where  BIO  and  solvents  R-l  and  R-2 
would  be  disposed  of.  The  vent  header  is  routed  to  Seal  Pot-1 
which  contains  Drakeol  6 at  a level  to  maintain  6”  W.C.  back- 
pressure. The  vapor  sparges  through  the  liquid  and  exhausts  to 
the  thermal  oxidizer  of  the  incinerator.  Excess  flow  into  Seal 
Pot-1  would  create  enough  pressure  to  divert  the  excess  flow  to 
Seal  Pot-2  and  overcome  its  backpressure  of  12"  W.C.  Seal  Pot-2 
also  contains  Drakeol  as  the  immersing  fluid. 

The  wash  vent  header  accepts  vapors  from  the  reactors 
when  they  are  being  washed,  the  solvent  washing  system,  and  the 
hexane  recovery  area.  This  equipment  contains  hexane,  methanol,  or 
acetone.  The  vapors  in  this  vent  header  are  separated  from  the 
B-jg  vent  header  to  preclude  the  solvent  vapors  from  entering  the 
reactors  and  creating  an  organic-boron  vapor.  The  solvent  tanks 
are  padded  with  nitrogen  at  6"  W.C.  and  exhaust  upon  overcoming 
the  pressure  setting  of  the  outlet  PCV.  Evacuation  of  the  wash 
system  and  washing  of  the  reactors  releases  vapors  directly  into 
the  header.  This  header  discharges  into  Seal  Pot  3.  A Drakeol 
seal  is  also  provided  in  this  seal  pot  which  maintains  the  header 
under  a 6"  W.C.  pressure.  Flow  to  the  thermal  oxidizer  and  Seal 
Pot  2 is  the  same  as  for  Seal  Pot  1.  Seal  Pot  2 vapor  goes  to 
an  emergency  flare  stack. 

The  third  vent  system  in  the  BIO  building  and  which  is 
also  in  the  NHC  building  is  the  high  velocity  vent  system.  The 
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makeup  air  for  incineration  in  the  thermal  oxidizer  is  provided 
by  a blower  which  preferentially  withdraws  from  the  discrete 
nozzle  connections.  Additional  air  is  provided  from  the  atmos- 
phere for  proper  combustion  in  the  thermal  oxidizer.  To  prevent 
any  air  leakage,  the  BIO,  NHC  and  wash  vent  headers  are  maintained 
at  6"  W.C.  by  the  addition  of  nitrogen  through  a pressure  controller 
to  each  header. 

A separate  vent  header  for  the  NHC  building  is  the  NHC 
vent  header.  Nitrogen  padded  equipment  and  all  relief  valves 
exhaust  into  this  vent  header.  This  header,  in  turn,  is  sparged 
into  Seal  Pot  4 which  is  also  maintained  at  6"  H^O  back  pressure  by 
a Drakeol  seal.  The  seal  pot  is  tied  into  Seal  Pot  2 and  the 
incinerator  similarly  to  Seal  Pots  1 and  3. 

Liquid  feed  to  the  incinerator  can  be  either  aqueous  or 
completely  organic.  Organic  feeds  are  collected  in  the  process 
drain  tank  and  consist  of  dissolved  boranes  in  methanol -acetone , 
condensed  wastes  from  evaporations,  residues  from  operations  which 
may  have  toluene  added  to  improve  fluidity  and  overflows  and  drains 
from  the  seal  pots.  The  waste-  stream  is  pumped  from  the  underground 
process  drain  tank  to  the  thermal  oxidizer. 

| The  aqueous  drain  tank  collects  aqueous  wastes  from  the 

caustic  and  brine  washes  of  NHC  and  the  two  building  sumps.  Trans- 
| fer  to  the  incinerator  is  identical  to  the  organic  system. 

Aqueous  floor  washings  are  collected  in  sumps  from  the  BIO  building 
■ and  the  NHC  building  and  pumped  as  desired  to  the  drain  tank. 

• Vapors  from  the  organic  waste  tank  is  reintroduced  into  Seal  Pot  1 

(while  vapors  from  the  aqueous  tank  is  introduced  into  Seal  Pot  4. 
Level  indicators  and  alarms  are  provided  in  the  seal  pots  and 
incinerator  tanks.  Pumps  are  manually  operated  as  desired. 

§ All  the  waste  streams  from  the  seal  pots  and  collection 

tanks  are  reduced  to  a ventable  gas  stream  or  a disposable  solid 
| in  the  incinerator  unit.  This  unit  consists  principally  of  an 

oxidizer  section,  a cooling  or  quenching  section,  a bag  house, 

I vent  stack  and  an  emergency  flare  stack.  It  is  necessary  whenever 

boron  is  being  disposed  of  to  always  have  a caustic  stream  also 

I 
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fed  to  the  oxidizer  so  that  the  boron  is  converted  to  a 
recoverable  solid  (sodium  borate). 
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DESIGN  IMPLEMENTATION 


c«utnv  chmmical  company 


General 

According  to  the  contract  requirements,  implementa- 
tion of  the  NHC  facility  design  will  be  accomplished  by  staged 
construction  to  allow  (a)  process  demonstration,  (b)  low  level 
production  demonstration  and  (c)  full  scale  production.  The 
construction  necessary  for  (a)  and  (b)  will  be  accomplished 
concurrently  and  will  include  installation  of  only  that  equip- 
ment and  necessary  supporting  facilities  to  demonstrate  the 
process  demonstration  and  to  support  low  rate  production.  The 
final  construction  stage  will  include  installation  of  additional 
equipment  to  expand  production  to  the  design  rate  of  30,000  lbs. 
NHC/yr . 

Scheduled  design  implementation  is  described  in  the 
following  paragraphs,  listing  that  equipment  and  supporting 
facilities  required  for  process  and  production  demonstration 
and  for  expansion  to  full  scale  production. 

Process  and  Production  Demonstration 

Equipment  to  be  installed  under  the  concurrent  con- 
struction for  process  and  production  demonstration  is  listed 
in  Table  2.  Supporting  facilities  and  operational  modifications 
imposed  by  the  limited  construction  are  described  below. 

BIO  Production  - A total  of  four  BIO  reactors  will  be 
installed  with  the  minimum  structure  for  housing  the  reactors. 
Hexane  recovery  equipment  will  not  be  installed  but  structure 
for  this  part  of  the  process  will  be  erected.  BIO  collection 
and  dissolving  equipment  to  support  the  four  reactors  will  be 
installed.  Reactor  wash  solvents  will  be  charged  from  drums. 
Deferred  installation  of  hexane  recovery  equipment  results  in 
hexane  usage  on  a once-through  basis  with  wash  solvent  and  BIO 
washed  from  the  reactors  being  incinerated. 
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TA8LE  2 - FACILITY  REQUIREMENTS  FOR  PROCESS  AND  PRODUCTION  DEMONSTRATION 
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Reqd.  for  Added  for 
Process  Production 


Item 

No. 

Descriotion 

Demo. 

Demo 

BIO  AREA: 

35208 

R-l  Measuring  Pot 

X 

35209 

R-2  Measuring  Pot 

X 

35252  - 

1, 

2,  3 

Product  Receivers 

X 

35252  - 

4, 

5,  6 

Product  Receivers 

X 

35252  - 

7, 

8,  9 

Product  Receivers 

X 

35252  - 

10 

11,  12 

Product  Receivers 

X 

35253 

Filter  Wash  Tank 

X 

35254 

Hexane  Charge  Tank 

X 

35255 

Methanol -acetone  Charge  Tank 

X 

35259 

Dissolver  Product  Receiver 

X 

36202 

BIO  Dissolver 

X 

36215  - 

1. 

2 

Reactor  Loop,  First  Stage 

X 

36215  - 

3. 

4 

Reactor  Loop,  First  Stage 

X 

36216  - 

1, 

2 

Reactor  Loop,  Second  Stage 

X 

36216  - 

3, 

4 

Reactor  Loop,  Second  Stage 

X 

UU(.  1 / * 

* » 

C. 

ReacLor  Loup,  T/i ! rii  Stage 

X 

36217  - 

3, 

4 

Reactor  Loop,  Third  Stage 

X 

35201 

Methanol -acetone  Agitator 

X 

39202 

BTO  Dissolver  Agitator 

X 

41201 

Hexane  Orum  Pump 

X 

41207 

R-l  Drum  Pump 

X 

41208 

R-2  Drum  Pump 

X 

41215 

Wash  Discharge  Pump 

X 

41241 

Hot  Water  Pump 

X 

41250 

Oissolver  Receiver  Pump 

X 

45205 

Dissolver  Filter 

X 

45206  - 

1, 

2 

Product  Vent  Filters 

X 

452C6  - 

3, 

4 

Product  Vent  Filters 

X 

45206  - 

5, 

6 

Product  Vent  Filters 

X 

45206  - 

7, 

8 

Product  Vent  Filters 

X 

47203 

Condensate  Return  Unit 

X 

47208 

Product  Scale 

X 

49201 

Hand  Truck 

X 

•13001 

Heist 

X 

43002 

Hopper  Dumper 

X 

50201 

Purge  Blower 

X 

TABLE  2 - FACILITY  REQUIREMENTS  FOR  PROCESS  AND  PRODUCTION  DEMONSTRATION 

(continued) 


r 

i l 


Item  No. 

Descriotion 

Reqd.  for  Added  for 
Process  Production 
Demo . Demo . 

NHC  AREA: 

31206 

NHC  Reactor  Condenser 

X 

31207 

Pentane  Condenser 

X 

32201 

Pentane  Purification  Tower 

X 

35216 

R-3  Measuring  Pot 

X 

35217 

R-l  Measuring  Pot 

X 

35218 

Octyne  Measuring  Pot 

X 

35219 

Reaction  Waste  Receiver 

X 

35220 

Reaction  Cold  Trap 

X 

35221 

R-4  Measuring  Pot 

X 

35222 

Pentane  Measuring  Pot 

X 

35223 

Toluene  Measuring  Pot 

X 

35224 

Toluene  Measuring  Pot 

X 

35225 

Caustic  Measuring  Pot 

X 

35226 

Salt  Solution  Measuring  Pot 

X 

MUp  D ».*•*{  **  a 
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A 

35238 

NHC  Wash  Hold  Tank 

X 

35239 

Pentane  Receiver 

X 

36206 

NHC  Reactor 

X 

36207 

Salt  Dilution  Tank 

X 

36208 

NHC  Wash  Tank 

X 

36209 

Caustic  Oilution  Tank 

X 

36210 

Oissolver  Surge  Tank 

X 

39206 

NHC  Reactor  Agitator 

X 

39207 

Salt  Oilution  Agitator 

X 

39208 

NHC  Wash  Agitator 

X 

39209 

Caustic  Dilution  Agitator 

X 

39210 

Oissolver  Surge  Agitator 

X 

41207 

R-l  Drum  Pump 

X 

41209 

R-3  Drum  Pump 

X 

41210 

R-4  Orum  Pump 

X 

41211 

Octyne  Drum  Pump 

X 

41212 

Caustic  Orum  Pump 

X 

41219 

Reactor  Waste  Pump 

X 

41220 

Initial  Wash  Pump 

X 

41221 

Caustic  Transfer  Pump 

X 

41222 

Salt  Transfer  Pump 

X 

41223 

Secondary  Wash  Pump 

X 

41224 

Residue  Pump 

X 

41225 

Product  Pump 

X 

TABLE  2 - FACILITY  REQUIREMENTS  FOR  PROCESS  AND  PRODUCTION  DEMONSTRATION 

(continued) 


! 


Reqd.  for  Added  for 
Process  Production 

Item  No. Description Demo.  Demo. 


41234 

NHC  Wash  Recycle  Pump 

A 

41235 

Pentane  Transfer  Pump 

X 

41236 

Forecut  Pump 

X 

41245 

NHC  Purification  Pump 

X 

41246 

Filter  Wash  Pump 

X 

42204 

Reaction  Vaccum  Pump 

X 

45202 

Planetary  Mixer 

X 

47203 

Condensate  Return  Unit 

X 

47210 

NHC  Vacuum  Distillation  Unit 

X 

48201 

Product  Scale 

X 

UTILITY  AREA: 

35231 

Water  Break  Tank 

X 

41227 

Blowdown  Pump 

X 

42203 

Instrument  Air  Compressor 

X 

42208 

3reathing  Air  Compressor 

X 

44202  A 

Process  Boiler 

X 

44202  C 

Blowdown  Tank 

X 

47201 

Water  Treatment  Unit 

X 

47202 

Boiler  Treatment  Unit 

X 

47204 

Deaerator 

X 

47206 

Instrument  Air  Dryer 

X 

i 


i 

\ 


INCINERATOR: 


I 


35236 

35237 

35257 

35258 

41228  -1,2 

41229 

41230 
41233 

41243 

41244 
44204 


Seal  Pot  #1 
Seal  Pot  #2 
Seal  Pot  03 
Seal  Pot  04 
Quench  Water  Pumps 
Drain  Tank  Pump 
Incinerator  Feed  Pump 
Process  Water  Pump 
Aqueous  Urain  Pump 
Aqueous  Incinerator  Pump 
Incinerator  Unit 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


% 


$ 

1 


i 


i 
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TABLE  2 - FACILITY  REQUIREMENTS  FOR  PROCESS  AND  PRODUCTION  DEMONSTRATION 

(continued) 


Item  No. 

TANK  FARM  ANO  YARD: 

35232 

35250 

41232  -1,2 

44203 

47207 

DRUM  STORAGE: 

48209 

49201A 

49201 


Description 


Process  Drain  Tank 
Aqueous  Drain  Tank 
Cooling  Tower  Pumps 
Cooling  Tower 
Nitrogen  System 


Scale 

Fork  Truck  Qrum  Attachment 
Fork  TrucR*^  . 


Reqd.  for  Added  for 
Process  Production 
Demo . Demo . 


•Leased  Items 


I.WWW/, 


kW 


» 
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NHC  Production  - The  complete  NHC  building  structure 
will  be  constructed  but  several  equipment  items  are  deferred  for 
installation  under  full  scale  expansion.  Installation  of  the  R-3 
reactor  is  deferred  with  both  the  R-3  reaction  and  the  NHC  reaction 
being  accomplished  in  the  NHC  reactor.  The  BIO  dissolved  in  R-l 
and  R-2  will  be  transferred  from  the  dissolver  surge  tank.  The 
BIO  solution  is  then  metered  to  the  NHC  reactor  with  R-3.  After 
completion  of  the  R-3  reaction,  the  R-3  reaction  mass  is  removed 
and  held  in  the  NHC  reactor  feed  pot.  After  addition  of  R-l  and 
octyne  to  the  NHC  reactor,  the  R-3  reaction  mass  is  slowly  added 
while  bringing  the  mixture  to  reflux  temperature. 

After  completion  of  the  NHC  reaction,  further  processing 
steps  and  equipment  are  those  for  full  scale  operation  through  the 
initial  NHC  purification.  Pentane  stripping  and  recovery  equipment 
is  installed  but  will  be  operated  at  reduced  recovery  efficiency 
with  condenser  cooling  by  cooling  water  rather  than  chilled  water 
(chilled  water  system  deferred  to  full  scale  expansion).  Final 
purification  will  be  accomplished  in  only  one  vacuum  distillation 
unit  with  installation  of  the  second  vacuum  distillation  unit 
deferred  to  full  scale  expansion. 

Util i t i es  Area  - An  electric  process  boiler  will  be 
installed  with  deaerator,  chemical  treatment  unit  and  blowdown 
separator.  The  breathing  air  and  instrument  air  compressor  and 
dryer  will  be  installed.  The  building  structure  will  be  built  to 
house  all  of  the  equipment  necessary  for  full  scale  operation. 
Equipment  installation  deferred  to  full  scale  expansion  includes 
the  building  heat  boiler  and  the  chilled  water  system. 

Tank  Farm  and  Yard  - None  of  the  bulk  storage  tanks  will 
be  installed,  with  all  materials  being  received  and  stored  in  drums. 
The  only  pad  to  be  installed  will  be  for  the  leased  nitrogen  system. 
Pipe  racks  will  be  sized  and  located  for  full  scale  production 
but  piping  installation  will  be  only  that  required  for  the  low 
level  production  equipment.  The  cooling  tower  and  pumps  will  be 
installed. 
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Drum  Storage  - Only  the  foundations  and  floor  slab  of 
the  drum  storage  building  will  be  installed.  Drums  will  be  stored 
on  the  slab  under  tarpaulin  cover.  The  fork  truck  for  handling 
materials  will  be  rented,  but  the  drum  handling  adapter  will  be 
purchased . 

Change  House  - The  change  house  will  be  deferred  until 
full  scale  expansion.  Temporary  facilities  for  personnel  will  be 
provided  by  a leased  change  trailer  fitted  with  extra  lockers 
for  clothing. 

Site  Preparation  - The  entire  site  will  be  prepared, 
including  all  roads  and  underground  services. 

Incineration  System  - The  full  scale  incineration  system 
will  be  installed,  including  seal  pots,  waste  tanks  and  feed  pumps. 
Full  Scale  Expansion 

In  the  previous  section,  equipment  and  facilities  necess- 
ary to  conduct  the  process  and  production  demonstrations  and  to 
support  low  level  NHC  production  were  identified.  Under  full  scale 
expansion,  the  additional  equipment  and  supporting  facilities  to 
expand  the  plant  to  full  30,000  lbs.  NHC/yr.  will  be  installed. 

This  additional  equipment  is  listed  in  Table  3. 

Full  scale  installation  of  equipment  within  the  BIO  and 
NHC  process  areas  will  require  a complete  operational  shutdown 
of  approximately  four  months.  Process  areas  and  equipment  used 
for  demonstration  and  initial  low  level  production  will  be  cleaned, 
purged  and  tested  for  absence  of  fire  or  toxicity  hazard  prior 
to  initiation  of  expansion  construction  work. 


TABLE  3 - FACILITY  REQUIREMENTS  FOR  FULL  SCALE  EXPANSION 


ITEM  NO. 


DESCRIPTION 


Bio  AREA 


31205 

35212 

35213 

35214 
' 35215 

35241 

35252 


13  through  35 


35260 

36201 

36204 

36215  - 5 through  12 

36216  - 5 through  12 

36217  - 5 through  12 
39204 

41213 
41217 
41237 
41215  - 2 
41253  - 1 
41253  - 2 
42201 
42206 
45201 

45206  - 9 through  24 

41246 

41251 


Hexane  Condenser 
R-l  Measuring  Pot 
R-2  Measuring  Pot 
Hexane  Recovery  Receiver 
Wash  System  Cold  Trap 
Hexane  Hold  Tank 
Product  Receivers 
Filter  Wash  Tank 
Wash  System  Receiver 
Methanol -Acetone  Tank 
Wash  System  Kettle 
Reactor  Loop,  First  Stage 
Reactor  Loop,  Second  Stage 
Reactor  Loop,  Third  Stage 
Wash  System  Kettle  Agitator 
Methanol -Acetone  Pump 
Hexane  Recovery  Pump 
Hexane  Transfer  Pump 
Wash  Discharge  Pump 
Hexane  Wash  Discharge  Pump 
Hexane  Wash  Discharge  Pump 
Borane  Polymer  Filter 
Spare  Vacuum  Pump 
Borane  Polymer  Filter 
Product  Vent  Filters 
Filter  Wash  Pump 
Wash  Receiver  Pump 


I 


P 


i 


NHC  AREA 

36205 

36212 

392C5 

39212 

41218 

35224 

41224 

41225 
41236 
47210  - 2 
3S207 


* 


i 


R-3  Reactor 

Wash  Product  Surge  Tank 

R-3  Reactor  Agitator 

Wash  Product  Surge  Tank  Agitator 

R-3  Reactor  Pump 

Toluene  Measuring  Pot 

Residue  Pump 

Product  Pump 

Forecut  Pumo 

NHC  Vacuum  Distillation  Unit 
NHC  Reactor  Feed  Pot 
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TABLE  3 


- FACILITY  REQUIREMENTS  FOR  FULL  SCALE  EXPANSION  (continued) 


ITEM  NO. 


UTILITY  AREA 

■ 44201 
44208 
35261 
41254 


TANK  FARM  AND  YARD 

35202 

35203 

35204 

35205 

35206 

41202 

41203 

41204 

41205 

41206  -1,2 
' 47207 


Drum  Storage 
49201 


DESCRIPTION 


Chilled  Hater  System 
Heating  8oiler 
Chilled  Water  Expansion  Tank 
Chilled  Water  Pump 


Methanol 

Acetone 

Pentane 

Toluene 

Fuel  Oil 

Methanol 

Acetone 

Pentane 

Toluene 

Fuel  Oil 

Nitrogen 


Storage  Tank 
Storage  Tank 
Storage  Tank 
Storage  Tank 
Storage  Tank 
Storage  PumD 
Storage  PumD 
Storage  PumD 
Storage  Pump 
Storage  Pump 
System 


Fork  Truck 


1 

I 


I 

3 

f 


* 


I 

i 


i 


9 
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HAZARD  ANALYSIS 

General 

At  the  onset  of  the  design  effort,  review  of  the 
potential  safety  hazards  presented  by  the  various  materials 
being  processed  and  process  conditions  was  made  to  provide 
criteria  and  general  requirements  in  terms  of  the  following 
basic  areas: 

1.  Toxic  hazard  to  personnel 

2.  Process  hazards 

3.  Electrical  classification 

4.  Fire  protection 

As  the  design  developed,  the  hazard  analysis  was 
updated  and  refined  to  provide  input  for  such  areas  as 
building  design  requirements,  building  and  equipment  layouts, 
relief  and  vent  sizing, safety  equipment  requirements  and 
locations,  sprinkler  systems,  and  ventilation  requirements. 

Process  design  and  building  layouts  were  reviewed 
at  several  stages  of  the  design  by  Factory  Mutual  Engineering 
Corporation  to  assure  compliance  with  pertinent  codes  and 
industry  standards. 

Reference  Documents 

Occupational  Safety  and  Health  Standards, 

Code  of  Federal  Regulations, 

Title  29,  Chapter  XVII 

DOD  Contractors'  Manual  for  Ammunition, 

Explosives  and  Related  Materials, 

DOD  4145. 26M 

DOD  Construction  Criteria  Manual, 

DOD  4270 . 1 -M 

National  Fire  Codes  1975, 

National  Fire  Protection  Association 

National  Electrical  Code  1975, 

NFPA  70-1975, 

National  Fire  Protection  Association 
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Fire  Hazard  Properties  of  Flammable  Liquids, 

Gases,  Volatile  Solids  1969  NFPA  325-M, 

National  Fire  Protection  Association 

Fire  Protection  Guide  on  Hazardous  Materials, 

6th  Ed.,  1975,  National  Fire  Protection  Association 

Registry  of  Toxic  Effects  of  Chemical  Substances, 
1975;  1976,  National  Institutes  of  Occupational 
Safety  and  Health 

"Damage-Limiting  Construction" , Loss  Prevention  Data, 
Construction  1-44,  February  1968,  Factory  Mutual 
Engineering  Corporation 

Basic  Considerations 

The  principal  hazard  characteristics  of  the  process 
materials,  summarized  in  Table  1,  dictate  a design  which  will 
protect  personnel,  property  and  the  environment  from 
potential  toxic  exposure  and  fire  and  explosion  hazards. 

As  previously  discussed,  process  conditions  and  operations 
were  selected  so  as  to  minimize  these  potential  hazards. 

Containment  of  toxic  and/or  flammable  fluids  and 
particulate  matter  must  be  of  primary  concern,  dictating  a 
requirement  of  flanged,  welded  construction  with  sealing  and 
gasketing  materials  selected  on  the  basis  of  extensive  prior 
experience  with  these  and  other  similar  process  materials. 

As  the  maximum  allowable  concentrations  (8-hr  time  weighted 
averages)  of  the  process  materials  are  generally  well  below 
their  lower  explosive  limits  it  is  not  permissible  to  use  a 
higher  electrical  hazard  classification  in  lieu  of 
containment. 

To  provide  adequate  process  area  ventilation,  both 
the  BIO  and  NHC  process  areas  are  provided  with  both  low  and 
high  level  ventilation  intakes  and  are  provided  with  make-up 
air  at  a rate  equivalent  to  from  5 to  10  air  changes  per  hr. 

A separate  high  velocity  vent  system  is  required  in  the 
process  areas  to  provide  short-term  protection  against  minor 
leaks  and  during  solid  BIO  transfer  operations.  This  high 
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♦See  Table  4:  - continuation,  Explanation  of  Hazard  Ratings 
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TABLE  4:  EXPLANATION  OF  HAZARD  RATINGS  (NFPA) 
(cont. ) 


I 


k 


Health 

4 Materials  which  in  very  short  exposure  could  cause  death  or 
major  residual  injury  even  though  prompt  medical  treatment 
were  given 

3 Materials  which  on  short  exposure  could  cause  serious  temporary 
or  residual  injury  even  though  prompt  medical  treatment  were 
given 

2  Materials  which  on  intense  or  continued  exposure  could  cause 
temporary  incapacitation  or  possible  residual  injury  unless 
prompt  medical  treatment  is  given 

1  Materials  which  on  exposure  would  cause  irritation  but  only 
minor  residual  injury  even  if  no  treatment  is  given 

0 Materials  which  on  exposure  under  fire  conditions  would  offer 
no  hazard  beyond  that  of  ordinary  combustible  material 


Flammability 

4 Materials  which  will  rapidly  or  completely  vaporize  at 

atmospheric  pressure  and  normal  ambient  temperature,  or  which 
are  readily  dispersed  in  air  and  which  will  burn  readily 

3  Liquids  and  solids  that  can  be  ignited  under  almost  all  ambient 
temperature  conditions 

2  Materials  that  must  be  moderately  heated  or  exposed  to  relatively 
high  ambient  temperatures  before  ignition  can  occur 

1 Materials  that  must  be  pre-heated  before  ignition  can  occur 


0 Materials  that  will  not  bum 


Reactivity 

4  Materials  which  in  themselves  are  readily  capable  of  detonation 
or  of  explosive  decomposition  or  reaction  at  normal  temper- 
atures and  pressures 


» 


1 


I 

I 


3  Materials  which  in  themselves  are  capable  of  detonation  or 
explosive  reaction  but  require  a strong  initiating  source  or 
which  must  be  heated  under  confinement  before  initiation  or 
which  react  explosively  with  water 
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TABLE  4:  EXPLANATION  OF  HAZARD  RATINGS  (NFPA)  continued 


Materials  which  in  themselves  are  normally  unstable  and  readily 
undergo  violent  chemical  change  but  do  not  detonate.  Also 
materials  which  may  react  violently  with  water  or  which  may 
form  potentially  explosive  mixtures  with  water. 

Materials  which  in  themselves  are  normally  stable,  but  which 
can  become  unstable  at  elevated  temperatures  and  pressures  or 
which  may  react  with  water  with  some  release  of  energy  but 
not  violently 


Materials  which  in  themselves  are  normally  stable  even  under 
fire  exposure  conditions,  and  which  are  not  reactive  with 
water 
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velocity  vent  system  is  routed  through  the  incineration 
system  for  oxidative  destruction  of  any  air  contaminants. 

A breathing  air  system  must  be  provided  in  the 
process  areas  for  use  as  a preventive  measure  whenever  the 
process  equipment  is  to  be  opened  (after  purging),  for 
protection  while  correcting  minor  leaks  and  for  possible 
emergencies.  Hose  couplings  used  for  this  system  must  be 
unique.  Air  supply  to  the  breathing  air  compressor  must  be 
obtained  from  a source  removed  from  any  potential  contamination. 

All  process  equipment  will  be  equipped  with  dry 
nitrogen  supply  for  padding  and  purging.  Primary  nitrogen 
supply  is  from  a liquid  nitrogen  system  with  a back-up 
emergency  cylinder  bank  supply  system. 

Specific  concern  regarding  B2  (and  B2-hydrogen 
mixtures)  prompted  review  of  available  data  on  flammability 
and  potential  explosion  hazard.  This  review  indicated  that 
B2  presents  no  significantly  different  hazards  with  regard  to 
potential  fire  and  explosion  than  that  posed  by  the  other 
highly  volatile  and  flammable  materials  being  handled.  In 
terms  of  hazard  probability,  the  quantities  of  B2  being 
handled  are  much  less  than  those  of  the  other  hazardous 
materials  and  thus  the  probable  hazards  presented  by  B2  are 
relatively  small.  Figure  16  shows  typical  average  inventories 
of  toxic  and  flammable  materials  in  each  structural  bay  of  the 
main  process  buildings,  BIO  and  NHC. 

Contrary  to  much  widespread  opinion,  various 
Investigators  have  demonstrated  that  under  ambient  temperature 
conditions  mixtures  of  B2  with  dry  air  or  oxygen  are  not 
spontaneously  flammable.  This  fact  has  been  exploited  in  the 
published  studies  of  diborane-air  and  d i borane-oxygen 
explosions. 
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LEGEND: 


- Diborane 

- Decaborane 

- Pentane 

- Hexane 

- Butyl  Ether 


- Dioxane 

- Butyl  Sulfide 

- Methanol 

- Acetone 

- Toluene 


FIGURE  16:  TYPICAL  FULL  SCALE  OPERATING  INVENTORIES  OF 

FLAMMABLE  ORGANICS  (IN  GALS.)  AND  TOXIC  BORANES 
(IN  LBS.) 
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Diborane-air  mixtures  are  flammable  over  rather  wide 
composition  limits,  with  some  discrepancies  in  the  reported 
values  of  the  upper  limit.  Most  recent  data  available  from 
NFPA  give  the  limits  as  0.8  to  38  volume  percent.  Martin, 

Kydd  and  Browne  (1  962)^  investigated  the  spark  initiated 
detonation  of  B2-air  mixtures  at  ambient  temperatures  and 
various  pressures  from  20  mm  Hg  to  near  900  mm  Hg.  Table  5 
summarizes  the  results  of  detonation  velocity  measurements  the 
range  from  2 to  27  volume  percent  (detonable  limits  are 
narrower  than  the  flammable  limits).  For  comparison. 

Tables  6 and  7 , taken  from  Lewis  and  Von  Elbe  (1951)^^, 
show  detonation  velocities  and  detonable  limits  for  H2,  CO 
and  volatile  organics  with  air  or  oxygen.  These  data  show 
detonation  velocities  of  B2-air  mixtures  to  be  comparable  to 
those  of  methane  (or  natural  gas)  - air  mixtures. 

Since  theoretical  pressure  impulse  or  blast  effects 
of  explosion  are  directly  related  to  detonation  velocities, 
these  data  show  that  B2-air  mixtures  have  explosion  hazards 
comparable  to  those  of  natural  gas  or  volatile  solvent  vapor- 
air  mixtures.  In  this  regard  it  is  informative  that  some 
of  the  reported  experimental  detonation  studies  were  conducted 
in  Pyrex  pipe  with  no  rupture  of  the  pipe  under  normal 
detonation  ignition  conditions. 


1.  Martin,  F.  J.,  P.  H.  Kydd  and  W.  G.  Browne,  "Condensation 
of  Products  in  Diborane  - Air  Detonations",  Eighth 
Symposium  on  Combustion,  Combustion  Institute,  Williams 
and  Wilkins  Co . , 1 962. 

2.  Lewis,  B.  and  G.  von  Elbe,  Combustion,  Flames  and 
Explosions  of  Gases,  Academic  Press,  1951 
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Review  of  the  referenced  DOD  Contractor's  Manual 
for  Ammunition,  Explosives  and  Related  Materials  indicates 
that  this  Manual  is  not  applicable  to  the  NHC  production 
facility  since  ammunition,  explosives  and  related  materials 
as  defined  by  the  Manual  are  not  being  handled. 

Hazard  characteristics  and  related  requirements 
specific  to  individual  areas  of  the  NAC  facility  are  treated 
in  the  following  subsections. 

Tank  Farm  (Area  1 1 ) 

Principal  hazard  in  this  area  is  the  danger  of  fire 
from  flammable  solvent  vapors.  Methanol  and  toluene  have  the 
greatest  toxicity  hazard  with  maximum  allowable  concentrations 
of  200  ppm  each.  Above  ground  tanks  and  transfer  areas  are 
diked  to  contain  spillage.  The  area  is  exposed,  with  resultant 
natural  ventilation  and  dispersion.  Storage  tanks  are  fitted 
with  pressure  relief  valves  and  flame  arrested  vents 
(conservation  and  emergency  vents). 

Hazards  are  reduced  by  storage  of  pentane  and  acetone 
in  underground  tanks  and  use  of  correct  fill  piping  to  avoid 
static  charge  buildup. 

Electrical  classification  is  Class  I,  Group  D and 
either  Div.  1 or  Div.  2 depending  on  distances  from  vents  and 
elevation  relative  to  grade. 

Automatic  fire  protection  is  not  required.  Fire 
water  is  provided  by  a local  hose  take  off. 

Drum  Storage  (Area  12) 

The  drum  storage  building  is  used  only  for  storage 
of  sealed  drums,  with  no  pumping  of  flammable  liquids  taking 
place.  Electrical  classification  is  therefore  non-hazardous . 

Automatic  sprinkler  protection  is  required  with 
ceiling  mounted  heads  having  286°F  temperature  setting. 
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Change  House  (Area  15) 

This  building  is  used  only  for  plant  personnel 
convenience  (showering,  clothes  changing  etc.)  and  has  no 
process  operations.  Electrical  cl  ass i f icati n is  therefore 
non-hazardous . Automatic  sprinkler  protection  is  required 
if  Class  I roof  decking  is  employed.  As  an  alternative. 

Class  II  decking  without  automatic  sprinklers  would  be 
allowable.  Final  determination  will  be  made  by  cost 
trade-off  analysis  when  sprinkler  system  costs  have  been 
determi ned . 

BIO  Production  Building  (Area  30) 

The  BIO  building  houses  the  BIO  reactors, 
segregated  into  about  two  thirds  of  the  building  with  six 
structural  bay  areas  each  housing  two  BIO  reactors.  The 
remaining  process  portion  of  the  building  houses  the 
recovery/filtration  operations  associated  with  processing 
of  the  reactor  wash  solutions  and  dissolving  of  solid  BIO 
reactor  product. 

Operations  in  the  810  building  involve  processing 
of  diborane  in  the  pyrolysis  loops  and  the  handling  and 
transfer  of  solid  BIO  reactor  product  and  thus  the  major 
potential  borane  toxicity  hazards  are  confined  to  this  one 
area . 

Occupancy  of  the  BIO  building  is  defined  as  type 
0-1,  extra  hazardous,  according  to  the  Pennsylvania  Fire  and 
Panic  Code.  Although  equipment  must  be  mounted  on  several 
levels  to  permit  adequate  gravity  flows  and  equipment  access, 
a variance  from  the  height  and  structural  limitations  of 
Type  III  construction,  D-l  occupancy,  has  been  granted  by  the 
Industrial  Board  allowing  the  building  to  be  considered 
single  story. 
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Based  on  consideration  of  the  potential  vapor 
(solvent,  83  or  hydrogen)  explosion  hazard,  the  building  is 
designed  with  damage-limiting  construction  according  to 
criteria  of  Factory  Mutual  Engineering  Corp.  The  design  thus 
incorporates  pressure-rel ieving  walls  and  and  pressure- 
resistant  roof,  with  a strength  ratio  between  resistant  and 
relieving  of  5:1.  Pressure-resi stant  wall  construction  is 
also  employed  to  separate  the  operating  areas  and  the  motor 
control  center  and  other  non-operating  spaces. 

With  the  designed  pressure-resistant  roof,  heating 
and  ventilation  equi pmen t are  supported  from  the  roof 
structure,  eliminating  the  need  for  extra  equipment  support 
structure. 

The  fire  protection  system  for  this  building,  based 
on  recommendations  of  insurance  underwriter  review,  includes 
auotmatic  sprinkler  protection,  both  at  ceiling  and  beneath 
the  equipment  access  grating.  Sprinkler  density  will  be  0.3 
gpm  with  head  spacing  not  to  exceed  100  ft^.  Sprinkler  head 
temperature  settings  are  286°F  at  ceiling  and  165°F  below  the 
grating.  All  steel  supporting  process  equipment  having  an 
operating  volume  of  more  than  100  gallons  of  flammable  liquid 
will  have  a one  hour  fire  protective  coating. 

Electrical  classification  within  the  process  areas 
will  be  Class  I,  Group  B,  Division  2.  Control  room  and 
non-process  areas  will  be  classified  non-hazardous  by 
positive  pressure  ventilation.  Due  to  the  low  auto-ignition 
temperatures  of  materials  handled  in  the  B10  production  area, 
the  heated  sections  of  the  B10  reactor  loops  will  be  enclosed 
and  purged  with  positive  air  pressure. 

Analysis  of  equipment  failure  modes  indicates  fire 
exposure  to  be  determining  in  sizing  of  relief  vents  and  vent 
headers.  Relief  sizing  calculations  are  given  in  Appendix  D. 
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I Special  design  consideration  was  given  to  the  82 

piping  to  the  BIO  reactors  and  to  the  transfer  of  collected 
^ solid  BIO  reactor  product.  The  82  supply  line  is  equipped 

with  an  emergency  shut  off  valve  remotely  actuated  from  the 

| control  room.  B2  lines  to  the  individual  reactors  are  fitted 

with  double  block  and  bleed  valves  to  prevent  leakage  during 
| reactor  washout  operations.  Due  to  potentially  hazardous 

reaction  of  boron  hydrides  with  halogenated  compounds  and 
t especially  carbon  tetrachloride,  no  halogenated  materials 

■'**  (except  "Teflon")  or  solvents  are  permitted  in  the  BIO 

process  area. 
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To  summarize  the  hazard  reduction  design  procedures, 
the  BIO  area  design  will  include  the  following; 

Extensive  nitrogen  inerting  capability 
Emergency  stop  valve  on  B2  supply 
Low  but  positive  process  pressures 

Separate  vent  headers  for  B2  and  wash  solvent  vapors 

Extensive  building  air  changes 

High  velocity  vent  system 

Breathing  air  system 

Sprinkler  system 

Localized  structure  fire  proofing 
Damage-limiting  relief  wall  design 
Air  purging  of  hot  reactor  surfaces 
Location  of  control  room  at  grade 
Strict  policing  of  operating  and 
maintenance  procedures 
NHC  Production  Building  (Area  40) 

The  only  significant  difference  between  the  potential 
hazards  present  in  the  NHC  area  and  those  described  for  the 
BIO  area  is  that  of  borane  vapor  toxicity.  Operations  in  the 
NHC  area  involve  solutions  of  BIO  and  degraded  open-cage 
borane  structures  which  are  potentially  toxic  on  skin  exposure 
or  contact  but  do  not  have  any  significant  toxic  vapor  hazard. 
The  greatest  vapor  toxicity  hazard  is  that  presented  by 
pyridine  ( R - 4 ) with  a 5 ppm  MAC.  In  terms  of  potential  fire 
and  vapor  explosion  hazard,  the  types  and  quantities  of 
volatile  flammable  solvents  employed  require  damage-resistant 
construction  similar  to  that  required  for  the  BIO  area. 

Certain  of  the  solvents  and  organic  reactants  have  the  added 
potential  hazard  of  forming  toxic  products  when  heated  to 
decompos i ti on . 


\ 
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Electrical  classification  in  the  process  areas  is 
Class  I,  Group  D,0iv.2  ( auto -i gni t i on  temperature  limit  of 
500°F).  Office  and  lab  areas  are  classified  non-hazardous 
by  positive  pressure  ventilation. 

Pentane,  bacause  of  quantity  and  flammability 
{Class  IA  liquid),  presents  the  most  significant  fire  hazard. 
Other  flammables  are  Class  IB  liquids. 

Analysis  of  possible  failure  modes  of  the  various 
reaction  steps  indicates  fire  exposure  of  filled  vessels 
as  being  determining  in  vent  and  relief  sizing  calculations. 
None  of  the  reactions  present  a significant  reaction  runaway 
hazard,  being  at  most  only  moderately  exothermic.  Relief  and 
vent  sizing  calculations  are  given  in  Appendix  o. 

Fire  protection  system  requirements  are  the  same  as 
those  described  for  the  BIO  building;  density  of  0.3  gpm, 

100  ft2  spacing,  286°F  ceiling  heads  and  165°F  below  grating 
heads . 

In  summary,  hazards  of  NHC  production  operations 
are  reduced  by  the  following  design  and  operating  requirements 
Extensive  nitrogen  inerting  capability 
Vent  headers  for  PSV's  and  rupture  discs 
Extensive  ventilating  air  changes 
High  velocity  vent  system 
Breathing  air  system 
Automatic  sprinkler  system 
Localized  structural  fire  proofing 
Oamage-l imi ti ng  construction 
Strict  policing  of  careful  operating  and 
maintenance  procedures 
Utility  Building  (Area  50) 

The  only  process  hazards  in  this  area  are  those  of 
low  pressure  steam  and  fuel  oil.  No  volatile  solvents  or 
toxic  materials  are  handled.  The  heating  boiler  will  have 
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code  approved  combustion  safe  guards-,  the  process  boiler  is 
electrically  heated.  Automatic  sprinkler  protection  is 
required  only  in  the  area  of  the  firing  head  of  the  fuel 
fired  boiler. 

Incinerator  (Area  60) 

The  incinerator  is  an  unhoused  structure  with  the 
major  process  hazards  being  those  of  flammable  waste  products 
within  closed  piping. 

The  area  is  generally  classified  as  el-ectrical  ly 
non-hazardous  with  the  following  exceptions: 

Class  I,  Group  D,  Div.  1 within  any  sumps,  pits 
or  trenches; 

Class  I,  Group  D,  Div.  2 within  three  feet  of 
pumps  handling  flammable  liquids  and  up  to  18 
inches  above  grade  within  a horizontal  distance 
of  ten  feet  from  such  a pump. 

Automa ti c sprinkler  protection  is  required  only  for 
the  seal  pots  and  the  firing  head  of  the  incinerator.  Wet 
pipe  system  acceptable  if  adequately  protected  against 
freeze-up. 

Yard  Area 

The  yard  area  is  essentially  non-hazardous  except 
in  the  immediate  vicinity  of  the  solvent  and  reactant  drums 
located  adjacent  to  the  810  and  NHC  buildings.  These  drums 
are  equipped  with  air  driven  pumps  to  minimize  hazards. 

Fire  hydrants  with  curb  box  control  valves  are 
located  at  strategic  intervals  along  the  10  inch  under- 
ground fire  main.  The  underground  main  provides  a combination 
fire  and  process  water  system  with  supply  taps  from  the 
existing  outlet  lines  from  both  water  reservoirs.  Existing 
requirements  for  maintaining  reservoir  reserve  capacity 
assures  adequate  emergency  fire  water  supply.  A 1500  gpm 
Oiesel  driven  fire  pump,  automatically  activated  at  100  psig. 


I 

I 


i 

} 

i 

j 

3 

i 


-72- 


cmicnv  CHEMICAL  COMPANY  


I 


i 

l 

I 

I 

I 

I 


is  connected  by  suction  to  both  8 in,  reservoir  lines.  Pump 
location  is  such  as  to  provide  positive  head  at  minimum 
allowable  reservoir  elevation.  An  electrically  driven 
jockey  pump  maintains  the  normal  main  pressure  of  125  psig 
with  sufficient  capacity  to  meet  process  water  usage. 

The  in-plant  road  is  looped  to  provide  access 
to  all  sides  of  the  critical  areas,  the  BIO  and  NHC 
buildings.  Auxiliary  fire  service  is  provided  by  the 
Callery/MSA  plant  fire  department. 
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ENVIRONMENTAL  IMPACT  ASSESSMENT 


Genera  1 


As  soon  as  the  site  selection  for  the  proposed 
NHC  production  facility  was  finalized,  an  Environmental 
Aspects  Report  (Contract  Oata  Item  Sequence  AOOE)  was 
prepared  and  submitted.  The  findings  of  that  report 
indicated  that  implementation  of  the  proposed  facility 
would  not  represent  a major  environmental  action  and  would 
not  require  an  Envi ronmental  Impact  Statement. 

Pertinent  portions  of  the  Envi ronmental  Aspects 
Report  are  presented  in  the  following  summary. 

Summary  of  Environmental  Aspects 

The  NHC  production  facility  will  be  located 
adjacent  to  the  Callery/MSA  plant  site  in  a predominantly 
rural  setting.  Major  land  usage  within  a ten  mile  radius 
is  farming  and  light  industrial  operations.  Nearby 
communities  are;  Callery  boro  (population  ^450),  about  one 
mile  south  and  Evans  City  (population  ^2000),  about  2 miles 
northwest  of  the  plant  site. 

The  immediate  land  area  to  be  occupied  by  the 
production  facility  consists  of  3-4  acres  on  a knoll 
relatively  higher  than  the  surrounding  area.  The  site  is 
currently  not  in  productive  use  and  is  covered  primarily 
by  small  second  growth  trees  and  scrub  underbrush.  The  area 
is  not  sufficiently  large  to  support  any  significant 
population  of  wild  life. 

The  plant  site  is  withir  the  cognizance  of  Region  V 
of  the  Pennsylvania  Department  of  Environmental  Resources  but 
is  not  within  any  designated  air  basin.  Ambient  air  quality 
standards,  promulgated  by  the  Commonwealth  of  Pennsylvania, 
Title  25,  Part  I,  Subpart  C,  Article  III,  Chapter  131  are: 
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The  anticipated  usage  of  the  facility  for  production 
of  NHC  will  have  no  significant  adverse  impact  on  the 
envi ronment. 

As  designed,  the  NHC  production  facility  will  have  a 
comprehensive  waste  collection  and  disposal  system.  All 
process  wastes,  both  liquid  and  vapor,  are  routed  through 
enclosed  piping  and  vent  headers  to  the  incineration  system. 
Separate  vent  headers  for  incompatible  vapor  streams  are 
isolated  by  means  of  inert  liquid  seal  pots  and  under  normal 
operation  are  fed  directly  to  the  incinerator  for  destructive 
oxidation.  In  event  of  an  accidental  process  vapor  surge  of 
high  volume  and  rate,  excess  flow  by  passes  the  incinerator 
to  an  emergency  flare  system  for  destructive  oxidation  before 
venting  to  the  atmosphere. 

Process  liquid  streams  are  collected  in  separate 
organic  and  aqueous  process  drain  tanks  and  subsequently 
metered  to  the  incinerator  combustion  chamber.  Major 
constituents  of  the  process  waste  steams  are  combustible 
organics  and  water,  which  on  thermal  oxidation,  produce 
innoucuous  combustion  products,  C 0 2 and  H2O  vapor.  Minor 
waste  stream  constituents  which  require  subsequent  incinerator 
combustion  product  controls  include  boron,  sodium,  sulfur  and 
chlorine  in  various  organic  and  inorganic  forms.  Oxidation 
of  these  minor  constituents  results  in  formation  of  oxides 
and  salts  which  are  separated  from  the  incinerator  off  gas 
by  direct  water  quench  and  subsequent  solids  collection. 
Innocuous  combustion  products  and  water  are  vented  to  the 
atmosphere  while  the  separated  dry  solids  are  drummed  for 
off  site  contract  waste  disposal  in  an  approved  solid  waste 
disposal  faci 1 i ty . 
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Sanitary  wastes  from  the  NHC  facility  will  be 
routed  through  the  existing  Callery/MSA  waste  treatment 
facility.  This  is  a relatively  new  facility  which  meets 
current  and  anticipated  future  effluent  standards  and 
guidelines. 

Non-process  solid  wastes,  primarily  paper  and  wood 
rubbish,  will  be  disposed  off  site  by  contract  landfill 
service. 

Solvent  and  raw  material  storage  and  transfer 
operations  will  be  appropriately  diked  and  contained  to 
prevent  escape  of  accidental  spillage. 

Storm  water  run  off  will  be  segregated  and  routed 
to  outfalls  designed  to  minimize  erosion. 

No  significant  noise  generation  sources  are 
employed  in  the  proposed  facility. 

Alternatives  to  the  proposed  action  are  limited. 

The  plant  product,  NHC,  is  employed  in  a weapons  system  vital 
to  national  defense.  Site  location  is  constrained  by 
shipping  limitations  on  the  primary  raw  material,  diborane. 
Alternative  sites  possible  within  this  constraint  have  been 
evaluated  and,  in  terms  of  potential  environmental  impact, 
the  proposed  site  provides  the  least  adverse  impact. 

Potential  process  changes  that  could  lessen  adverse 
environmental  impact  are  limited  by  technology.  Design 
tradeoffs  have  minimized  the  relatively  small  irreversible 
commitments  of  raw  materials,  solvents  and  energy.  The 
incinerator  design  utilizes  waste  combustion  energy  to 
evaporate  water  from  the  process  wastes  and  provides  a 
minimum  volume  of  dry  solid  wastes  for  disposal. 
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TABLE  8 - NHC  FACILITY  PREDICTED  SYSTEMS  AVAILABILITY  SUMMARY 
B-10  Area 


.995  B-10  Reactor  Loops  * .90 

Dissolver-Filter  .995 

Hexane  Recovery  1.00 

NHC  Area 

.9243  R-3  Reactor  .995 

NHC  Reactor  .98 

Planetary  Mixer  .975 

NHC  Wash  Tank  .997 

NHC  Purification  .985 

NHC  Distillation  .99 

Waste  Disposal 

.970  Incinerator  .975 

Tanks  and  Pumps  .995 


Utilities 

.990  Steam,  N2 , Water,  Gas  1.00 
Cool ing  Water  , Air, 

Power  .99 

AI  = A B-10  X A NHC  X A WD  X A UT 

AI  = .995  X .9243  X .97  X .99 

AI  = .883 

Design  Basis:  30  ,000  1 b . / 300  Stream  Day  Yr. 

A I.D.  = 300/365  = .822 

Predicted  System  Availability,  .883  Requires  300/. 883 
or  340  days  per  yr.  scheduled  operation.  This  would 
permit  two  week  annual  maintenance  shutdown. 


P 
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*8-10  Reactor  Loops  not  critical  if  availability  is  not 
less  than  overall  system. 
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RAM  ANALYSIS 


General 

As  required  by  the  Contract  TR  6116,  a RAM 
Analysis  Report  (Data  Item  AOOF)  has  been  prepared  according 
to  DI-R  3535/R1 03-2M  with  Addendum  and  is  given  in  its 
entirety  in  Appendix  C.  A brief  summary  of  the  RAM  Analysis 
is  given  below. 

RAM  Analysis  Summary 

The  appended  report  outlines  the  RAM  parameters 
employed  in  the  design  of  the  NHC  facility  and  details  their 
application  to  the  various  process  operations  and  equipment 
subsystems.  Availability  goals  were  established  utilizing 
a block  diagram  of  the  facility  and  availability  was 
apportioned  to  the  critical  systems  (BIO,  NHC,  Waste  Disposal 
and  Utilities)  as  shown  in  Table  4.  Based  on  knowledge 
of  operating  conditions,  equipment  function  and  construction 
materials,  each  major  subsystem  was  examined  and  assigned 
a predicted  availability,  also  shown  in  Table  8 . The 
predicted  overall  system  availability  of  0.883  allows  annual 
two  week  shutdown  for  major  maintenance  as  well  as  allowing 
some  time  for  unanticipated  maintenance  downtime. 

The  RAM  analysis  shows  that  the  facility  will  be 
available  for  sufficient  operating  periods  to  meet 
contractual  production  requirements.  Major  subsystems 
incorporate  design  features  that  provide  high  availability 
with  good  reliability  and  maintainability.  Callery's 
experience  in  handling  toxic  and  flammable  chemicals  has 
demonstrated  that  high  reliability  and  maintainability  are 
necessary  to  assure  safe  operability. 

These  same  considerations  also  lead  to  a facility 
that  will  provide  the  necessary  15  year  operating  life  and 
will  allow  shutdown,  layaway  and  restart  without  undue 
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expense  and  with  minimal  hazard.  Long  term  storage  will  have 
no  significant  effect  on  system  reliability.  Some  equipment 
items  would  be  partially  dismantled  for  storage  but  the 
majority  of  the  equipment  would  only  require  thorough 
cleaning,  inerting  and  sealing.  Reactivation  would  require 
probable  replacement  of  seals  and  gaskets  followed  by 
thorough  leak  testing  of  the  entire  system. 
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PLANT  PROCEDURES 


Start  Up  Procedures 

Before  the  completion  of  construction  of  the  NHC 
facility,  Callery  Chemical  Company  will  complete  the  preliminary 
start  up  procedures  necessary  to  commission  the  plant  and 
accept  the  plant  at  the  turnover  from  the  primary  contractor, 

Dravo  Corporation.  Detailed  planning,  technical  competence  and 
firm  direction  will  insure  a successful  startup. 

During  the  early  months  of  construction , Callery's 
function  in  construction  will  be  the  monitoring  of  progress  and 
witnessing  the  necessary  testing  of  concrete  and  steel  which 
is  placed.  During  this  time  equipment  and  operating  manuals 
will  be  received.  Detailed  maintenance  procedures  and  schedules 
for  each  piece  of  equipment  and  preliminary  operating  instruc- 
tions can  be  written  at  this  time.  All  of  the  information 
available  on  the  design,  construction  and  operation  of  the 
facility  will  be  organized  so  that  it  is  easily  accessible  for 
startup.  The  design  basis  and  engineering  standards,  process’ 
description  and  flow  sheets,  material  and  utility  balances, 
plant  equipment,  piping  and  utilities  layouts,  operating  main- 
tenance and  safety  procedures  and  analytical  procedures  will 
be  included.  This  basically  encompasses  the  information  from 
the  final  design  report  and  the  details  of  construction  and 
the  information  received  during  construction.  Batch  process 
log  sheets  will  be  designed  so  that  start  up  and  operation  data 
can  be  obtained.  The  various  engineering,  operations  management 
maintenance  and  laboratory  groups  will  be  organized  and  keyed 
to  the  progress  of  the  construction  schedule. 

After  the  process  equipment  is  placed  and  process 
piping  and  electrical  conduit  runs  are  started,  Callery's  involve- 
ment in  the  construction  progress  becomes  more  critical.  Many 
of  the  instruments  to  be  placed  will  be  checked  before  install- 
ation. Thermocouples  will  be  checked  to  insure  that  they  are 
reading  properly.  Rotameters  will  be  calibrated  generally 
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by  calculation  of  density  differences  and  the  supplied  curves 
rather  than  by  actual  flow  measurement.  Pressure  and  vacuum 
gages  will  be  checked  to  guarantee  proper  operation.  These 
instruments  will  be  less  accessible  after  installation. 

Pressure  testing  of  equipment  and  piping  is  to  be 
performed  by  Oravo  be.fore  the  completion  of  construction.  Callery 
personnel  will  verify  the  tests,  especially  in  critical  process 
areas.  Since  many  of  the  lines  will  contain  reactive  borane 
chemicals,  these  must  be  cleaned  before  the  introduction  of 
any  process  fluid.  After  various  sections  of  the  plant  become 
available  after  pressure  testing,  they  will  be  flushed  with  a 
petroleum  solvent  such  as  naptha  to  remove  any  corrosion  pro- 
tection oils,  then  rinsed  with  a hygroscoDic  solvent  such  as 
methanol  to  pick  up  any  water  before  drying  with  nitrogen. 

This  will  be  done  on  the  diborane  lines  from  the  Callery  plant, 
the  B-1C  process  piping  and  equipment  and  parts  of  the  NHC 
building.  The  naptha  flush  will  also  remove  any  scale,  dirt 
and  metal  particles  which  might  have  entered  the  system  during 
construction.  Process  equipment  will  be  inspected  before 
sealing  for  pressure  testing  to  check  for  dropped  tools,  bolts 
and  other  debris. 

Operators  will  have  started  training  before  the  clean 
out  operations.  These  cleaning  procedures  will  aid  in  the 
familiarization  of  some  of  the  conceptually  new  equipment  for 
the  operators.  They  will  be  trained  in  standard  operating  and 
maintenance  procedures  and  emergency  shutdown  and  safety  pro- 
cedures. Operator  training  will  be  ongoing  through  the 
systems  checkout  before  startup  and  continue  through  the  startup 
phase. 

Power  and  control  electrical  systems  will  be  checked 
out  by  the  contractor  after  installation.  Instrument  main- 
tenance personnel  and  electricians  will  be  present  to  insure 
that  power  systems  are  operating  properly  and  grounded.  The 
control  circuits  and  switching  logic  of  the  B - 1 0 reactor  washout 
vent  system  will  be  checked  by  simulation  to  insure  that  the 
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valves  are  operating  in  the  correct  position  and  in  proper 
sequence.  Other  control  circuits  will  be  tested  by  simulation. 

A checklist  is  provided  for  commissioning  of  instrument  circuits. 

Dry  run  testing  of  mechanical  equipment  will  be 
performed  to  guarantee  proper  rotational  direction  under  no 
load  conditions.  These  checks  will  also  verify  free  and 
unhindered  rotation  of  impellers,  shafts  and  agitators.  These 
will  be  of  short  duration  to  prevent  damage  to  equipment.  A 
checklist  is  provided  for  commissioning  mechanical  equipment. 

Dynamic  testing  will  be  performed  on  the  process 
system  using  inert  fluids.  These  tests  will  aid  in  determining 
that  the  flow  through  the  process  is  correct  and  operable.  Flow 
controls  and  pressure  controls  can  be  set  more  accurately. 
Measuring  tanks  will  be  calibrated  by  straight  side  calculations 
and  by  filling  with  known  volumes  of  liquid.  Temperatures 
approaching  operating  conditions  will  be  used  to  determine  the 
effectiveness  of  temperature  controllers  and  thermocouples. 

The  B - 1 0 system  loops  will  undergo  dynamic  testing 
with  gases  which  simulate  diborane  characteristics.  Procedures 
followed  will  be  based  on  those  investigated  in  the  reactor 
loop  development  effort.  Usage  of  nitrogen  and  hydrogen  and 
mixtures  thereof  were  found  to  provide  good  simulation  of 
reaction  gas  behavior  for  determining  proper  thermocouple 
probe  locations  and  furnace  temperature  settings. 

Dynamic  testing  will  permit  the  setting  or  adjusting 
of  standard  operating  procedures.  Flow  and  pressure  settings 
on  rotameters  and  regulators  will  be  set.  The  dynamic  testing 
will  be  a great  advance  in  operator  training.  Data  recording 
will  be  standardized  and  it  will  be  determined  if  the  proper 
amount  and  necessary  information  is  being  recorded. 

In  preparation  for  the  introduction  of  borane  process 
fluids,  the  process  equipment  will  be  thoroughly  dried  and 
inerted.  Boranes  will  be  introduced  only  after  dynamic  testing 
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has  shown  the  system  to  be  capable  of  safe  production  and  the 
operators  are  thoroughly  trained  in  operating  and  safety  pro- 
cedures. Extra  technical  and  operating  personnel  should  be 
available  for  the  startup  of  process  fluids  through  the  system. 
The  process  will  be  monitored  carefully  and  the  plant  can  be 
shutdown  at  any  indication  of  upset  or  overload.  Process 
flows  will  be  increased  gradually  until  the  Options  I and  II 
demonstration  levels  can  be  met. 

We  will  have  on  hand  experts  from  the  incinerator 
manufacturer  to  train  the  waste  disposal  personnel  in  the 
proper  operating  and  emergency  procedures  for  the  incinerator. 
They  will  oversee  the  startup  of  the  incinerator  and  dust 
collection  system  to  aid  in  resolving  any  operating  difficulties 
with  this  large  and  complex  system. 

With  the  startup  procedures  above,  there  should  be 
a successful  and  incident  free  startup. 


Start  Up  Checklist 


Organize  the  groups  who  will  participate  in  commissioning 

Organize  the  necessary  information 

Prepare  detailed  plans  and  schedules 

Train  the  personnel 

Perform  pressure  tests 

Perform  dry  runs 

Perform  dynamic  safe  fluid  testing 

Pressure  test  to  prepare  for  the  introduction  of  boranes. 
Perform  process  fluid  tests 
Perform  process  fluid  tests 
Operate  processes  to  make  NHC 
Troubleshoot  and  make  performance  analyses 
Maintain  the  plant  and  make  modifications 


Instrument  Commissioning  Checklist 


1.  Assure  that  all  elements  are  installed  according  to  the 
drawings 

2.  Remove  shipping  restrictions  and  protective  coverings 
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3. 

4. 

5. 

6. 


Verify  circuit  continuity  to  and  from  panel 
Verify  valve  and  controller  movement 


Check  out  interlock  and  alarm  action 


Mechanical  Equipment  Checklist 

1.  Field  disassembly  and  reassembly 

2.  Cleanout  of  lubrication  system 

3.  Circulation  of  lubricant  to  check  flow  and  temperature 

4.  Cleanout  and  checkout  of  cooling  water  system 

5.  Checkout  of  instruments 

6.  Checkout  of  free  and  unhindered  rotation 


7.  Tightening  of  anchor  bolts 

8.  Installation  of  temporary  filters 

9.  Preparation  for  running  at  a load 

10.  Operate  with  driver  uncoupled 

11.  Recoupling  of  driver  and  check  alignment 

12.  Checkout  vent  system 

13.  Checkout  seal  system 

14.  Operate  empty  to  check  for  vibration 

15.  Operation  under  load 
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Maintenance  Procedures 

Preventive  and  repair  maintenance  of  process  equip- 
ment and  supporting  services  will  be  daily  functions  at  the 
NHC  facility.  The  facility  will  be  staffed  by  a maintenance 
crew  of  trained  mechanics  and  will  be  supported  by  the  main- 
tenance, instrument  and  electrical  crews  of  Callery  Chemical 
and  Mine  Safety  Appliances.  Most  of  the  maintenance  is  to  be 
performed  on-site  with  tools  and  spare  parts  available  in 
the  process  area. 

The  maintenance  staff  will  include  mechanical  repair 
personnel  and  electricians.  The  mechanical  staff  will  be 
responsible  for  maintaining  the  process  equipment,  piping  and 
hardware,  and  the  facility  physical  plant  and  supporting  equip- 
ment. The  electricians  will  be  responsible  for  the  electrical 
and  electronic  hardware  plus  the  testing  of  circuitry  for  new 
equipment  installations. 

Detailed  records  of  maintenance  services  for  each 
piece  of  process  equipment  will  be  kept.  This  will  aid  in  the 
restructuring  of  preventive  maintenance  services  if  the  failure 
rate  is  higher  than  normal.  These  records  will  also  aid  in 
the  selection  of  any  new  equipment  which  needs  to  be  installed, 
either  as  replacement  or  to  improve  process  operability  and 
reduce  costs.  Repair  services  will  require  a form  stating  the 
piece  of  malfunctioning  equipment,  the  suspected  repair 
necessary  if  known  or  the  mode  of  failure,  and  an  authorization 
by  the  production  supervisor.  On  this  form  the  failure  can  be 
noted  when  corrected  and  the  repair  man  hours  can  be  reported. 
These  sheets  will  not  only  allow  the  updating  of  the  equipment 
records  but  will  also  assist  in  the  assignment  of  the  maintenance 
staff  for  their  work  day.  The  criticality  of  the  failed  equip- 
ment will  be  the  determining  factor  in  the  assessment  of  repair 
priorities.  The  availability  of  the  plant  to  meet  production 
demands  will  dictate  the  distribution  of  the  work  force  to 
preventive  and  repair  maintenance  tasks. 


-86- 


i 1 


k 


CALLE  f>Y  CHEMICAL  COMPANY 


After  the  equipment  orders  are  placed,  the  vendors 
will  be  required  to  send  operations'  manuals  for  the  equip- 
ment being  requ i s i t i oned . These  manuals  will  provide  the 
basis  for  the  delineation  of  operating  procedures  for  each 
piece  of  equipment,  and  the  listing  of  spare  parts  to  be 
carried  in  stock.  These  manuals  will  also  be  used  to  set  the 
schedules  for  lubrication  of  rotating  equipment  and  other 
preventive  maintenance  procedures.  Repair  maintenance  pro- 
cedures for  the  various  failure  modes  will  be  based  on  the 
manufacturers  information  (See  Exhibit  "A"  - Maintenance  Pro- 
cedures for  the  NHC  Residue  Pump  #41224  from  Selected  Vendor). 

As  much  repair  work  as  possible  will  be  performed 
at  the  location  of  the  failed  equi pmen t in  the  process  area. 
There  is  no  specified  repair  shop  at  the  NHC  plant  so  that  the 
equipment  must  be  repaired  in  place  or  adjacent  to  the  process 
positioning  or  removed  to  the  Callery  repair  shops  down  the 
hill.  The  construction  by  Oravo  of  the  fully  piped  process 
model  will  allow  for  adequate  spacing  for  repair  maintenance 
to  be  performed  "on  the  floor".  Spare  parts  will  be  stored  in 
one  of  the  bays  of  the  process  area  for  easy  availability.  An 
instrument  maintenance  shop  will  be  established  in  part  of  the 
laboratory  in  the  NHC  building  calibration  tests  and  repair 
maintenance  can  be  performed  in  this  area  as  well  as  providing 
an  area  for  small  instrument  parts  storage. 

Due  to  the  toxic  and  flammable  nature  of  most  of  the 
process  raw  materials  and  intermediates,  equipment  will  be 
washed  out  with  an  appropriate  solvent  and  dried  with  nitrogen 
before  process  equipment  internals  can  be  repaired.  Drain 
valves  are  provided  wherever  applicable  to  aid  in  the  washout 
of  equipment.  Extensive  lockout  procedures  will  be  used  by 
maintenance  personnel  to  protect  the  equi pmen t being  repaired 
and  to  prevent  personal  injury.  Safety  locks  will  be  provided 
to  the  mechanics  to  allow  convenient  lockout  for  safety. 
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Detailed  maintenance  procedures  will  be  provided 
after  equipment  manuals  are  provided  by  the  vendors.  A 
general  summary  of  typical  maintenance  procedures  is  provided 
by  equipment  groups. 

312  --  Condensers : Flush  with  solvent  and  purge  dry,  disconnect 
piping,  remove  head.  Inspect  tubes  for  plugging  or 
leakage.  Clean  tubes  and  plug  bad  tubes,  if  necessary. 
Reassemble  and  pressure  test. 

322  --  Packed  Towers : High  pressure  drop  - fouled  packing; 

flush  packing  with  solvent,  nitrogen  dry,  support  column 
from  overhead,  remove  inlet/outlet  piping,  unbolt  column 
from  kettle,  lift  off  column  and  support  plate,  dump 
packing  and  thoroughly  clean  and  dry  or  replace  with 
new  packing.  Reverse  procedure  adding  packing;  if 
necessary,  replace  gaskets  and  pressure  test. 

352  --  Unagitated  Tanks:  Drain  and  wash,  purge  dry.  Remove 

inlet/outlet  pipe  connections,  remove  access  port  head, 
sight  glass,  manway,  repair  and  reassemble  using  new 
gaskets . 

362 

392  --  Agitated  Vessels  and  Agitators:  Lock  out  electrically, 
drain  and  wash  purge  dry.  Support  agitator,  remove 
coupling,  disassemble  and  remove  seals.  Examine  bearings 
and  replace,  examine  seals  and  replace.  Reassemble. 

412  --  Pumps : Lockout  and  drain,  block  lines,  disconnect 
coupling,  disassemble  and  remove  seals,  shaft  and 
impeller.  Examine  and/or  replace  seals,  bearings, 
shaft  sleeve  and  other  wearing  parts.  Reassemble  and 
leak  test. 

422  --  Compressors  and  Vacuum  Pumps:  Lockout,  disassemble 

and  examine  and/or  replace  wearing  parts  and  seal  elements 
Reassemble  with  new  seals  and  gaskets. 

442  --  Heating  and  Cooling:  Lock  out  and  block  feed  lines; 

Disassemble  malfunctioning  portion  of  equipment,  solvent 
clean  and  inspect/replace  worn  parts,  inspect  fan  and 
motor  bearing.  Reassemble  using  new  seals  and  gaskets. 
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452  --  F i 1 ter s : Flush  and  dry,  block  inlet/outlet  lines, 
unbolt  filter,  replace  element  if  necessary.  Re- 
assemble with  new  gaskets. 

472  --  Package  Systems: 

1)  Water  Treatment  Unit:  Isolate  unit,  replace 

controls  or  repair  other  malfunctions.  Reassemble 
Boiler  Chemical  Treatment:  Normal  pump  maintenance 
Condensate  Return  Units:  Normal  tank  and  pump 
maintenance 

Deaerator:  Isolate  unit  and  drain,  remove  nozzle 
piping  and  inspect/replace  nozzles,  inspect  trays. 
Reassembl e 

Instrument  Air  Drier:  Isolate  element  not  in 
service,  remove  cover,  replace  media,  replace  cover 
with  new  gaskets,  pressure  test. 

Vacuum  Distillation  Unit:  Lockout  and  block  piping, 
clean  with  solvent  and  dry.  Perform  normal  agitated 
vessel,  column,  tank  and  vacuum  maintenances. 

Rebuild  using  new  gaskets  and  seals. 

7)  Seal  Oil  Units:  Lock  out,  drain  oil;  perform  normal 
pump  and  filter  maintenance.  Reassemble  with  new 
seals  and  gaskets  and  replace  oil. 

492  --  Uninstalled  Equipment:  Fork  truck  perform  normal  tuneup, 
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14124 

IQ  124 

IQ4124 

11124 

114124 

Q124 

04124 

M124 

M4124 

INTRODUCTION 

The  illustrations  ured  in  this  maintenance  bulletin  are 
(or  identification  purposes  only  and  should  not  be  used 
for  ordering  parts.  Secure  a parts  list  from  the  factory 
or  a Viking  representative.  Always  give  complete* 
name  of  part,  part  number  and  material  with  the 
model  and  serial  number  of  the  pump  when  ordering 
repair  parts. 

UNMOUNTED  PUMP  AND  UNIT  M00CI  NUMBERS 
I UNMOUNTEO  PUMP  i UNITS  1 


Units  »r«  designated  by  the  un- 
mounted pump  model  numbers  fol- 
lowed by  a letter  indicating  drive 
style. 

V=V-0«lt 

frsOirect  Connected 
ftsVikinf  Speed  Reducer 
PsCommercial  Speed  Reducer 


This  bulletin  deals  exclusively  with  Series  124  and 
4124  heavy  duty  bracket  mounted  pumps.  Refer  to 
Figures  1 thru  5 for  general  configuration  and  nomen- 
clature used  in  this  bulletin. 

Maintenance 

Senes  124  and  4124  pumps  are  designed  for  long, 
trouble  free  life  under  a wide  variety  of  application 
conditions  with  a minimum  of  maintenance,  however, 
the  following  should  be  considered. 

1.  LUBRICATION — Periodic  external  lubrication 
should  be  applied  slowly  with  a hand  gun  ait  all 
lubrication  fittings  provided.  A good  quality  of 
general  purpose  grease  is  satisfactory  in  the  ma- 
jority of  cases,  however,  applications  involving 
very  high  or  low  temperatures  may  require  other 
types  of  lubricants.  Suggested  frequency  of  lubri- 
cation is  once  every  500  hours  of  operation.  Do 
not  over-greaae.  Consult  the  factory  if  you  have 
specific  lubrication  questions. 

2.  PACKING  ADJUSTMENT— New  packed  pumps 
generally  require  some  initial  packing  adjustment 
to  control  leakage  as  packing  "runs-in".  Make  ini- 
tial packing  adjustments  carefully  and  do  not  over- 
tighten the  packing  gland.  After  initial  adjustment 
occasional  inspection  will  reveal  the  need  for  pack- 
ing gland  adjustment  and/or  replacement  of  the 
packing.  See  instructions  in  disassembly  and  re- 
assembly regarding  re-packing  the  pump. 

3.  END  CLEARANCE  ADJUSTMENT— After 
long  term  operation  it  is  sometimes  possible  to 
improve  the  performance  of  the  pump,  without 
major  repair,  thru  adjustment  of  end  clearance  of 
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SIZES  10,  U,  0 AND  H 
FIGURE  1 

the  pump.  Refer  to  instructions  under  Re-assembly 
of  the  pump  for  information  regarding  this  pro- 
cedure. 

CLEANING  THE  PUMP— It  is  good  practice  to 
keep  the  pump  as  clean  as  possible.  This  will  fa- 
cilitate inspection,  adjustment  and  repair  work 
and  help  prevent  omission  of  lubrication  to  fittings 
covered  or  hidden  with  dirt 
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124  AND  4124  SERIES 

MAINTENANCE  AND  REPAIR  INSTRUCTIONS 


5.  STORAGE — If  the  pump  is  to  be  stored  or  not 
used  for  any  appreciable  length  of  time  it  should 
be  drained  and  a light  coat  of  lubricating  and  pre- 


servative  oil  should  be  applied  to  the  internal 
parts.  Lubricate  ail  fittings. 
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FIGURE  4 EXPLODED  VIEW  SERIES  124 


SERIES  124 


ITEM 

NAME  OF  PART 

ITEM 

NAME  OF  PART 

ITEM 

NAME  OF  PART 

1 

locknut 

U 

Facklni 

24 

Rotor  and  Shalt 

2 

lockwasher 

14 

lantarn  Rln( 

2$ 

idler  and  Bushing 

3 

End  Cod  lor  Soaring  Houklnf 

IS 

Pecking  Retainer  Wesker 

25 

Idler  Bushing 

4 

Closure,  Bear mf  Housing 

IS 

Brackal  Bushing 

27 

Head  Gaskat 

5 

Bearini  Spactr  Collar 

17 

Frtaaura  Ralitf  Fluf 

21 

Idler  Fin 

6 

Ball  Baarini 

11 

Grease  Fitting 

29 

Head  and  idlnr  Fin 

7 

Bfarini  Scactr  collar.  Rocosiod 

19 

Brackal  and  Bushing 

30 

Capscrtw  lor  Hood 

§ 

20 

Capscrew  lor  Brackrt 

31 

Creaso  fitting  (Angla) 

9 

Bearing  Housmf  with  Setscrews 

21 

Pipe  Plug 

32 

Relief  Valve  Gasket 

10 

Packing  Gland 

22 

Back  Flanit  Caakat 

33 

Capscrew  for  Valve 

11 

Racking  Gland  Hut 

23 

Caainf 

34 

Internal  Relief  Valve 

12 

Packing  Gland  Capscrew  (Studs  on  Q ft  M) 

OILI  «r®dl /J=,  A^/a®,iA^=  'o®? 


FIGURE  t EXFIODEO  VIEW  S»IU  4124 


(SEE  LIST  OF  FARTS,  NEXT  FACE) 
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NAME  OF  PART 


Ena  Cap  for  Bearing  Housing 


Closure  Bearing  Housing 


Bearing  Spacer  Collar 


Bail  Searing 


Bearing  spacer  Collar,  Recessed 


Keeper  Ring  Halves 


Bearing  Housing  with  Setscrews 


Closure  lor  Seal  Chamber 


NAME  OF  PART 


Pressure  Relief  Plug 


Crease  Fitting 


Bracket  and  Bushing 


| Capscrew  for  Bracket 


Bracket  Bushing 


Mechanical  Seal 


Back  Flange  Gasket 


Casing 


Pipe  Plug 


Rotor  and  Shaft 


NAME  OF  PART 


Disassembly 


1.  Remove  the  head  from  the  pump. 

CAUTION:  DO  NOT  ALLOW  THE  IDLER  TO  FALL 
FROM  THE  IDLER  PIN. 

Tilting  the  head  up  as  it  is  removed  will  prevent  this 
occurrence.  Avoid  damaging  the  head  gasket  if  pos- 
sible. If  pump  is  furnished  with  a relief  valve  it  need 
not  be  removed  from  head  or  disassembled  at  this 
point.  (See  page  6 for  Valve  Instructions.) 

2.  Remove  the  idler  and  bushing  assembly  from  the 
idler  pin.  Replace  all  excessively  worn  parts.  See 
caution  about  replacement  of  carbon  bushings 
following  #13. 

3.  Bend  up  tang  on  lockwasher  and,  using  a spanner 
wrench,  remove  the  lockwasher  and  locknut. 

NOTE:  A piece  of  wood  or  brass  inserted  between 
the  rotor  teeth  and  into  the  casing  port  will  prevent 
the  shaft  from  turning. 

4.  Loosen  packing  gland  nuts  on  model  124  pumps. 

5.  Drive  the  shaft  forward  approximately  Vi  inch 
and  inspect  for  presence  of  a pair  of  half-circle, 
round,  wire,  keeper  rings  under  the  inner  bearing 
spacer  collar.  If  present  these  rings  must  be  re- 
moved before  the  rotor  and  shaft  can  be  removed 
from  the  pump. 

6.  Carefully  remove  the  rotor  and  shaft  from  the 
pump. 

NOTE:  Avoid  damaging  the  bracket  bushing.  The 
rotary  portion  of  the  mechanical  seal  will  usually 
come  out  with  the  shaft  on  model  4124  pumps.  Re- 
move the  stationary  seal  seat  from  the  bracket  coun- 
tcrlxirc.  Replace  rotor  and  sliaft  if  excessively  worn. 

7.  Loosen  the  radial  set  screws  in  the  bearing  hous- 
ing flange  that  locks  the  end  cap  in  place  and,  us- 
ing a spanner  wrench,  remove  the  end  cap,  closure 
and  bearing  spacer  coltar. 

8.  Remove  2-row  ball  bearing  and  inner  spacer  collar 
from  bearing  housing,  wash  and  inspect  bearing 
for  wear  or  damage  and  replace,  if  necessary. 


Idler  jnd  Bulk  inf 


Idler  Bushin* 


Htad  (Plain)  and  idler  Pin 


Capicrtw  for  Hod 


Relief  Volvo  Cokot 


Capscrew  for  Volvo 


intornal  Roiitf  Volvo 


NOTE:  Do  not  ordtr  parts  bp  itim  nombors  shows; 
see  parts  list  on  specific  pump  moM. 

9.  Loosen  two  axial  set  screws  in  bearing  housing 
flange  and  remove  housing  from  bracket.  Examine 
closures  in  end  cap  and  bearing  housing  and  re- 
place with  lips  facing  as  shown  in  Figure  11  if 
not  in  first  class  condition. 

10.  On  4124  model  pumps,  inspect  the  closure  in  the 
bracket  and  replace  if  necessary.  This  closure 
must  be  removed  if  replacement  of  the  bracket 
bushing  is  necessary.  See  Step  13. 

11.  If  it  is  deemed  necessary  to  replace  bracket  bush- 
ing and/or  repack  model  124  pumps,  remove 
packing  gland  nuts,  old  packing  and  lantern  ring 
(not  used  on  Q and  M 124 ’s)  and  packing  retainer 
washer.  See  Step  13. 

12.  Examine  casing  for  excessive  wear  and  replace  if 
necessary. 

13.  The  bracket  bushing  should  be  inspected  for  wear 
and  replaced  if  necessary.  See  Steps  10  and  11. 

If  it  is  necessary  to  install  a new  carbon  graphite  bush- 
ing, extreme  care  should  be  taken  to  prevent  breaking, 
as  it  is  a brittle  material  and  easily  cracked.  If  crack- 
ed these  bushings  wilLquickly  disintegrate.  An  arbor 
press  should  always  be  used  in  Installing  carbon  gra- 
phite bushings.  Be  sure  the  bushing  is  started  straight 
DO  NOT  STOP  the  pressing  operation  until  the  bush- 
ing is  in  proper  position.  Starting  and  stopping  this 
operation  invariably  results  in  a bushing  failure 
Carbon  graphite  bushings  with  extra  interference  fits 
are  frequently  furnished  for  high  temi>erature  opera- 
tion. These  bushings  must  be  installed  by  a shrink  fit. 
Heat  bracket  or  idler  to  approximately  450*F.  and  in- 
stall cool  bushings  with  an  arbor  press.  Check  bush- 
ings for  cracks  after  installation. 


Reassembly 


1.  Installing  now  seal:  The  seal  is  simple  to  install 
and  good  performance  will  result  if  care  is  taken 
in  installation.  (See  figure  6 for  parts  identification) 
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NOTE:  Never  touch  the  sealing  faces  with  anything 
except  the  fingers  or  a clean  cloth.  Clean  the  rotor  hub 
and  bracket  seal  housing,  making  sure  both  are  free 
from  dirt  and  grit. 

Coat  the  outside  diameter  of  the  seal  seat  and  the  in- 
side diameter  of  the  seal  housing  bore  with  light  oil. 
With  thumb  and  forefinger,  push  the  seal  seat  into 
place,  as  shown  in  Figure  7.  Place  the  tapered  sleeve 
(fum  with  replacement  seals, H-LL  sizes)  onshaft  as 
in  Figure  8.  Coat  the  inside  of  the  rotary  member  and 
the  outside  of  the  tapered  sleeve  with  light  oil.  Place 
the  spring  and  rotary  member  on  the  shaft,  over  the 
sleeve  and  against  the  hub  of  the  rotor  only  enough 
to  hold  the  spring  in  position.  Do  not  compress  spring 
at  this  stage.  (See  Figure  9.)  Remove  the  tapered 
sleeve. 


CLOSURE  FOR 
SEAL  CHAMBER 


Refill  the  bracket  lubrication  chamber  with  multi-pur- 
pose grease  and  place  the  tapered  sleeve  in  the  closure 
(or  seal  chamber)  as  shown  in  Figure  10.  Flush  the 
sealing  faces  of  both  the  rotary  member  and  stationary 
member  with  oil  just  before  installing  rotor  and  shaft. 

2.  Install  the  rotor  and  shaft.  Place  the  end  of  the 
shaft  in  the  bracket  bushing  and  tum  from  right 
to  left  slowly,  pushing  until  the  ends  of  the  rotor 
teeth  are  just  below  the  face  of  the  casing.  Be 
sure  shaft  is  free  from  burrs  and  foreign  particles 
that  might  damage  the  bracket  bushing.  Remove 
the  tapered  sleeve  from  the  shaft!  Model  4124). 

3.  On  Model  124  pumps  replace  the  packing  retain- 
er washer  and  pack  the  pump.  It  is  good  practice 
to  install  a set  of  new  packing.  The  pump  should 
be  packed  with  a packing  suitable  for  the  liquid 
being  pumped. 

NOTE:  If  the  pump  has  a lantern  ring  it  must  be 
located  below  the  grease  fitting.  The  grease  fitting 
may  be  removed  temporarily  to  facilitate  positioning 
of  the  lantern  ring.  Cut  the  packing  into  individual 
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rings  that  wrap  exactly  around  the  circumference  of 
the  shaft.  Install  and  seat  each  ring  one  at  a time, 
staggering  the  ring  joints  from  one  side  of  the  shaft 
to  the  other.  Lubricate  the  packing  rings  with  oil, 
grease  or  graphite  to  aid  in  assembly. 

A length  of  pipe  or  tubing  will  facilitate  installation 
and  seating  of  the  packing  rings. 

4.  Install  the  packing  gland,  capscrews  and  nuts. 
Back  the  rotor  and  shaft  out  of  the  casing  just  far 
enough  to  insert  the  packing  gland  through  the 
side  opening  on  the  bracket  and  over  the  end  of 
the  shaft.  This  gland  cannot  be  assembled  over 
the  end  of  the  shaft  when  in  place.  Push  the  rotor 
and  shaft  back  into  place. 

Make  sure  the  gland  is  installed  square  and  tigh- 
ten nuts  wrench  tight,  back  off  and  retighten  to  a 
finger  tight  condition. 

5.  Place  a head  gasket  on  the  head.  The  normal 
amount  used  on  an  H or  HL  size  pump  is  one 
.010'  gasket,  and  all  other  sizes  one  .015’  gasket 

6.  Place  the  idler  on  the  idler  pin  and  install  the 
head  and  idler  on  the  pump. 

7.  Place  the  bearing  collar  on  the  shaft  as  far  as  it 
will  go.  Replace  keepers  if  furnished  with  pump. 

8.  Install  the  bearing  housing  and  closure  in  the 
bracket. 

9.  Pack  the  ball  bearing  with  grease,  place  on  the 
shaft  and  push  or  drive  into  place  in  the  housing. 

10.  Turn  the  bearing  end  cap  (with  closure  and  bear- 
ing collar  inside)  into  the  bearing  housing  until 
tight  against  the  bearing.  Lock  in  place  by  the 
setscrews  in  the  outside  diameter  of  the  bearing 
housing. 

11.  Install  lockwasher  and  locknut  on  shaft,  tighten 
locknut  and  bend  down  tang  of  lockwasher  into 
slot  of  locknut 

NOTE:  A piece  of  brass  or  wood  inserted  through 
the  port  opening  between  the  rotor  teeth  will  keep 
the  shaft  from  turning. 

12.  Adjust  pump  end  clearance, following  procedures 
listed  under  "Thrust  Bearing  Adjustment". 


3.  Tighten  the  two  self  locking  type  "Allen”  set 
screws  “A”,  in  the  outboard  face  of  the  bearing 
housing,  with  equal  force  against  the  bracket 
Your  pump  is  now  set  with  standard  end  clear- 
ances and  locked. 

NOTE:  Be  sure  the  shaft  can  rotate  freely.  If  not, 
back  off  additional  notches  and  check  again. 

4.  High  viscosity  liquids  require  additional  end 
clearances.  The  amount  of  extra  end  clearance 
depends  on  the  viscosity  of  the  liquid  pumped. 
For  specific  recommendations,  consult  the  factory. 
Each  additional  notch  (or  each  Vi')  on  the  out- 
side diameter  of  the  bearing  housing  is  equivalent 
to  an  extra  end  clearance  of  .002'  on  H & HL  size 
pumps;  .0015’  on  K,  KK,  L,  LQ  and  LL  pumps; 
.001’  on  Q and  M pumps. 


Pump 

Sire 

Turn  Brg.  Housing  C.C.W. 

No.  of  Notches  or  Length  on  O.D.,  Inches 

H A HL 

K.  KK.  U LQ.  A LL 

Q 

M 

2 V4- 

« l* 

7 iw 

» 2V«* 

Thrust  Bearing  Adjustment 

(See  Figure  11) 

1.  Loosen  the  two  set  screws  "A”  in  the  outer  face 
of  the  bearing  housing  "B”  and  turn  this  thrust 
bearing  assembly  "B"  clockwise  until  it  can  no 
longer  be  turned  by  hand.  Back  off  counterclock- 
wise only  until  the  rotor  shaft  can  be  turned  by 
hand  with  a slight  noticeable  drag. 

2.  Fpr  standard  end  clearance,  back  off  the  thrust 
bearing  assembly  “B”  the  required  number  of 
notches  or  an  equivalent  length  measured  on  the 
outside  of  the  bearing  housing.  See  the  following 
table. 


Steam  Jackets 

(See  Figure  12) 

As  an  added  feature,  Series  124  and  4124  Viking 
pumps  may  be  equipped  with  a steam  jacket  on  either 
the  head,  or  back  flange,  or  both.  The  construction  of 
these  jackets  is  such  that  the  cored  areas  provide 
large  chambers  at  both  front  and  back  of  the  working 
parts  of  the  pump  so  as  to  facilitate  temperature  con- 
trol for  maintaining  a flowing  condition  of  the  ma- 
terial being  pumped.  The  jacketed  back  flange  in- 
creases overall  length  slightly. 

Pumps  with  jacketed  heads  cannot  be  furnished  with 
relief  valves.  If  a valve  is  required,  it  must  be  install- 
ed in  the  line. 
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All  basic  steps  in  disassembly  and  re-assembly  of  the 
pump  remain  the  same  whether  or  not  it  is  equipped 
with  steam  jackets. 


JACKETED 


JACKETED 

8ACKFCANGE 


JACKETED 


CHAMBER 


Valve  Instructions 


FieuM  u 
H AND  HL  SIZi 


K.  KK,  l,  10.  LL,  9 ANO  M SIZI 
H6UM  H 


LIST  Of  PARTS 


1.  Vtlvt  Cw 

2.  Adjusting  Screw 
J.  Lock  Nat 

4.  Soring  GuMO 

5.  Sonnet 


«.  Volvo  Boev 
7.  Volvo  Soring 
t.  KOOOOt 

9.  Coo  Sookot 

10.  Oonnot  Gookot 


Disassembly 


1.  Remove  valve  cap. 

2.  Measure  and  record  the  length  of  extension  of  the 
adjusting  screw. 

3.  Loosen  the  lock  nut  and  back  out  adjusting  screw 
until  spring  pressure  is  released. 

4.  Remove  bonnet,  spring  guide,  spring  and  poppet 
from  valve  body.  Clean  and  inspect  all  parts  for 
wear  or  damage  and  repair  or  replace  as  necessary. 

Reassembly 

Follow  the  procedure  outlined  under  disassembly. 

If  valve  is  removed  for  repairs,  be  sure  to  replace  in 

same  position.  The  valve  cap  should  point  towards 

the  suction  port. 


Pressure  Adjustment 

If  the  pressure  setting  of  the  valve  is  to  be  changed 
from  that  which  the  factory  has  set,  the  following  in- 
structions should  be  carefully  followed:  Remove  the 
valve  cap  which  covers  the  adjusting  screw,  and  loosen 
the  lock  nut  which  locks  the  adjusting  screw  so  pres- 
sure setting  will  not  change  during  operation  of  pump. 
A pressure  gauge  somewhere  in  the  discharge  line 
must  be  used  lor  actual  adjustment  operation.  The 
adjusting  screw  should  be  turned  in  for  increasing  the 
pressure  or  turned  out  for  decreasing  the  pressure. 
With  the  discharge  line  closed  at  a point  beyond  the 
pressure  gauge,  the  gauge  will  show  the  maximum 
pressure  the  relief  valve  will  allow  while  pump  is  in 
operation. 

Important 

In  ordering  parts  for  relief  valve  on  head,  always  be 
sure  to  give  Model  and  Serial  Number  of  pump  as  it 
appears  on  name  plate  and  the  name  of  the  part  want- 
ed. When  ordering  springs,  be  sure  to  give  the  pres- 
sure setting  desired. 


POWER  EQUIPMENT  COMPANY 

8400  PERRY  HIGHWAY 
PITTSBURGH,  PENNSYLVANIA  15237 
412  • 931-5678 


Viking  Pump  Division  I Houdaille  industries,  tnc.  j Cedar  Falls.  Iowa  50613  U.S.A 
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Repair  Parts 

After  the  initiation  of  operations  in  the  new  NHC 
facility  the  equipment  that  is  installed  will  require  occasional 
maintenance,  both  preventive  and  repair.  Adherence  to  pre- 
ventive maintenance  schedules  and  procedures  will  minimize 
normal  repair  of  wearing  parts  and  emergency  repair  of  failed 
parts.  In  order  to  facilitate  timely  repair  to  minimize  downtime 
it  will  be  necessary  to  stock  a supply  of  repair  parts  for  the 
new  equipment. 

When  the  equipment  orders  are  placed,  the  vendor  will 
be  required  to  send  detailed  equipment  operations  manuals. 

These  manuals  will  form  the  basis  for  exact  operating  procedures 
and  maintenance  procedures  and  also  for  an  exact  repair  parts 
listing.  A generalized  outline  of  the  necessary  spare  parts 
for  plant  operation  can  be  provided  at  this  time. 

The  construction  of  the  facility  hardware,  process 
and  utility  piping  will  require  the  installation  of  large 
numbers  of  valves.  Selection  of  valve  types  and  sizes  has  been 
dictated  by  good  engineering  practice  based  on  service  con- 
ditions, operation  safety  and  convenience,  flow  control  and 
line  sizing.  Standardization  of  valves  and  fittings  for  various 
services  is  delineated  in  the  Dravo  piping  specification  P-1. 

A sufficient  excess  of  valves  and  fittings  will  be  ordered 
initially  to  allow  for  modification  of  piping  during  installa- 
tion if  necessary  and  so  that  spares  will  be  available.  The 
off  the  shelf  items  are  readily  replaceable.  The  majority 
of  the  valves  in  the  plant  are  manually  operated.  Automatically 
switched  valves  are  pneumatic  solenoid  operated.  The  actuators 
for  these  valves  will  be  spared  for  easy  replacement  from  stock. 

Locally  mounted  visually  indicating  instruments 
(pressure  and  vacuum  gages,  thermometers,  rotameters,  etc.)  will 
be  stocked  as  replacement  items.  These  must  be  stocked  also 
as  add  on  items  where  additional  information  about  the  process 
is  required  for  control  after  startup.  These  are  generally 
off  the  shelf  items. 

A supply  of  V-belts  will  be  maintained  for  that  equip- 
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ment  which  is  belt  driven.  Bearings  will  be  spared  for  venti- 
lating fans.  A large  stock  of  fuses  and  other  small  electrical 
supplies  for  area  maintenance  will  be  carried. 

The  process  equipment  repair  parts  list  will  be 
detailed  from  vendor  information  supplied  after  orders  are 
placed.  Equipment  groups  have  common  items  normally  spared 
for  repair  maintenance.  A listing  by  groups  is  provided. 

- Condensers : Gasket  material,  flow  sight  glass 

Excess  packing  material,  gasketing 


312 

322 


--  Tower  and  Columns: 


material,  sight  glass 
352  --  Unagitated  Tanks 

1)  Storage  Tanks:  Level  indicator,  manway  gaskets, 
strainerifapplicable 

2)  Measuring  Tanks:  Sight  glasses,  level  gages, 
gasketing  materials 

3)  Product  Hoppers:  Inlet/Outlet  valves,  gasketing 
materials 

362  --  Agitated  Tanks 

1)  Liquid  Tanks:  Sight  glasses,  level  gages,  gasketing 
392  --  Aqi tators : Bearing  sets,  mechanical  seal  rebuild  sets 

(wear  faces,  Or ings,  springs) 

2)  BIO  Reactor  Loops:  Metering  valves,  heating  mantles, 
heating  controllers,  cooling  water  control  valves. 


scraper  blades,  mixer  bearing  sets,  mechanical  seals, 
rebuild  sets,  mixer  motors 

412  --  Pumps 

1)  Drum  Pumps,  Air  Operated:  Seals,  0 rings,  packing, 
springs 

2)  Process  Pumps,  Centrifugal:  Mechanical  seals  and 
rebuild  sets,  bearings,  casing  gaskets,  wear  ring, 
impeller  and  shaft  if  interchangeable. 

422  --  Compressors,  Vacuum  Pumps: 

1)  Vacuum  Pumps:  Seals,  gaskets,  valve  plates,  bearings 

2)  Compressors:  Bearings,  seals,  valves  and  springs, 
channels,  gaskets 
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442  --  Heaters  and  Coolers: 

1)  Water  Chiller:  Compressor  bearings,  seals,  refrig- 
erant expansion  valve,  filters,  tank  level  gage, 
pump  bearings,  seals  and  gaskets,  control  system 
parts . 

2)  Boiler:  Atomizing  nozzles,  control  system  repair 
parts,  combustion  air  blower  bearings 

3)  Cooling  Tower:  Fan  bearings 

4)  Incinerator:  Atomizing  nozzles,  sight  glasses, 
quench  nozzles,  filter  bags,  blower  bearings, 
discharge  valve  bearings,  gaskets  and  seals,  con- 
trol system  repair  parts. 

452  --  Filters:  Spare  elements,  gasket  materials. 

472  --  Package  Sys terns : 

1)  Water  Treatment:  Control  system  repair  parts 

2)  Boiler  Chemical  Treatment:  Pump  Bearings,  seals 
and  gaskets 

3)  Condensate  Return:  Pump  bearings,  seals  and  gaskets 

4)  Deaerator:  Spray  nozzles,  control  instrument 
repair 

5)  Instrument  Air  Dryer:  Drying  media 

6)  Vacuum  Distillation  Unit:  Heat  control  elements, 
flow  sight  glass,  level  indicators,  vacuum  pump 
seals,  valve  plates,  bearings  gaskets 

7)  Seal  Oil  Units:  Bearings,  gaskets,  mechanical 
seals  and  rebuild  parts 

492  --  Uninstalled  Equipment:  Fork  truck  wheels,  tuneup  parts 
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810  Reactor  Tradeoff 


I Technical  requirements  have  dictated  a design  for 

the  810  production  process  based  on  multiples  of  a unit 
reactor  consisting  of  3 identical  4"  ID  loops  in  series. 
Correlation  of  experimental  data  on  BIO  yield  as  a function 

I of  B2  feed  rate  has  shown  the  following  relationship,  where 

the  B2  feed  rate  is  expressed  as  lb  per  hr  per  ft?  of  heated 
surace  in  a single  loop: 

I 


B2 

Overall 

Unit  Reactor 

Feed 

3 Stage 

B10  Production 

Rate 

B10  Yield 

Rate 

(lb/hr  ft?) 

[%  of  Theory) 

(lb/hr) 

0.02 

78 

0.059 

0.05 

68 

0.126 

0.10 

61 

0.227 

0.15 

57 

0.315 

0.20 

54 

0.399 

* 


1 


I 
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Selection  of  the  optimum  number  of  reactors  to  achieve 
30,000  lb/yr  NHC  production  required  a tradeoff  between  B2 
utilization  and  the  capital  and  operating  cost  of  multiples  of 
the  unit  reactor.  Tradeoff  calculations,  discussed  below  in 
detail,  indicated  a process  design  consisting  of  the  minimum 
number  of  reactors  (12  for  30,000  lb/yr  NHC  production)  operated 
at  maximum  productivity.  This  design  selection  minimizes  both 
equipment  cost  and  unit  product  cost. 

No  detailed  estimate  of  equipment  cost  is  presented, 
since  any  increase  in  the  number  of  reactors  beyond  the  minimum 
required  for  production  will  result  in  increased  total  equi pment 
cost.  Unit  product  cost  tradeoff  may  be  made  by  establishing  a 
cost  basis  for  the  12  reactor  design  and  then  calculating  the 
i nc remen tal  effects  of  operating  labor  and  B2  costs  as  the  number 
of  reactors  is  increased  from  minimum  to  maximum.  The  range  of 
yields  shown  in  the  previous  table,  which  for  30,000  lb/yr  NHC 
requires  12  reactors  at  maximum  feed  rate  and  approximately  81 
reactors  at  minimum  feed  rate. 

The  basis  for  the  unit  product  cost  estimated  for  the 
design  case  (12  reactors)  is  the  May  1976  estimate  except  for  a 
usage  rate  of  2.16  lb  B2  per  lb  NHC.  This  breakdown  is  shown 
in  Table  1 . 
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Incremental  92  costs  are  derived  from  the  curve  of 
Figure  1 s '»ing  tne  32  usage  as  a function  of  feed  rate. 

Incremental  labor  costs  for  increased  number  of 
reactors  were  calculated  on  the  following  basis: 

1 Operator  per  shift  per  4 additional  reactors 
1 M & 3 per  snift  per  12  additional  reactors 
0.5  Supervision  per  shift  per  12  additional  reactors 

For  reactor  units  added  in  increments  of  12,  each  increment 
then  requires  additional  direct  labor: 


Operators 
M & R 

Supervi s ion 


3x4*12(3  $5. 70/hr  x 2080 
1 x 4 * 40  $5. 70/hr  x 2080 

0.5  x 4 = 2 0 $1 4 ,000/yr 


$154,128 

47,424 

28,000 

$229,552 


On  a unit  cost  basis  direct  labor  is  tnen 


$229,552 


30,000  = $7. 65/lb  NHC 


Adding  plant  overhead  (0  175%)  and  repair  materials  and  operat- 
ing supplies  (0  15*)  the  total  labor  associated  cost  increase 
per  increment  of  12  reactors  including  G & A 0 182  and  Fee  0 10% 
is  $28. 80/lb  NHC. 

Application  of  these  incremental  costs  to  the  design 
base  unit  cost  breakdown  shows  that  each  increment  of  12  addi- 
tional reactors  results  in  a higher  unit  product  cost  as 
illustrated  in  Figure  2.  Thus  the  design  base  of  12  reactors 
operating  at  maximum  feed  rate  results  in  optimum  unit  cost. 
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Table  1 - Unit  Product  Cost  Breakdown 
12  Reactor  Design,  30,000  lb/yr  NHC 
(May  1976  Cost  Basis) 


COST  ELEMENT 

Raw  Materials  excluding  B2 

Sol  vents 

Util i t i e s 

Direct  Labor 

Supervision 

Operators 

Maintenance  & Repair 

Analytical 

Serv ice 

Plant  Overhead 

Repair  Materials  and 
Operating  Supplies 

Packaging  Materials 

Sub  Total 

G & A 


$ / L B NHC 
$ 37.92  ' 
3.37 
1.21 
22.50 

4 0 $ 1 4 ,000/ yr 

32  0 S5. 70/hr  x 2080 

12  <a  $5. 70/hr  x 2080 

4 0 $6. 50/hr  x 2080 

4 0 $5. 20/hr  x 2080 


175%  of  Direct  Labor  39.38 

15%  of  Direct  Labor  3.38 

0.82 

108.58 

018%  19.54 

0 10%  12-81 


ee 


Unit  Product  Cost  (excluding  B2) 
12  2.16  lb/lb  NHC  x $85/1  b 

Unit  Product  Cost  (including  B2) 


140.93 

183.60 


$324.53 


Figure  2 - Cost  Variation  with  Number  of  Reactors 
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APPENDIX  B 

ENGINEERING  FLOW  DIAGRAMS 
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RELIABILITY,  AVAILABILITY,  MAINTAINABILITY  ANALYSIS  REPORT 


Abstract 


The  reliability,  availability  and  maintainability  of 
the  processes  and  equipment  being  designed  for  the  production 
of  n-Hexyl  Carborane  at  the  Callery  Chemical  Company  facility 
have  been  examined.  The  critical  components  of  the  system  have 
been  reviewed  for  operating  conditions,  materials  of  construction 
and  criticality  of  function  and  the  potential  modes  of  failure 
have  been  described.  A reliability  factor  has  been  applied  for 
each  potential  mode  of  failure.  A maintainability  factor  of 
repair  time  has  been  estimated  for  the  various  failure  modes 
and  the  estimated  availability  of  each  critical  subsystem  has 
been  calculated.  The  overall  plant  availability  has  been 
estimated  using  the  individual  subsystem  availabilities  and  a 
facility  block  diagram.  Reliability  factors  relating  to  long 
term  plant  layaway  are  discussed  and  layaway  and  reactivation 
procedures  are  discussed  in  general.  The  overall  facility 
availability  has  been  estimated  to  be  .883,  requiring  340  days 
per  yr.  to  have  available  300  stream  days,  versus  a contract 
requirement  availability  of  .822,  requiring  365  days  per  yr.  to 
have  available  300  stream  days. 
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I . Purpose 

Callery  Chemical  Company  has  been  directed  by 
technical  requirement  #6116  of  Contract  No.  DAAK40-76-C- 
1256  to  design  the  low  cost  NHC  facility  with  reliability, 
availability  and  maintainability  as  major  considerations. 

The  TR  specifies  that: 

"The  contractor  shall  include  reliability, 
availability,  and  maintainability  as  design  parameters 
of  equal  importance  with  other  technical  and  functional 
parameters.  This  will  include  the  establishment  of 
reliability/availability,  maintainability  goals  and 
requi rements  . 

The  facility  design  shall  include  standard- 
ization, corrosion  and  deterioration  prevention  and 
human  engineering  factors. 

The  contractor  shall  establish  a quantitative 
system  availability,  utilizing  a block  diagram  of  the 
system;  this  availability  will  be  apportioned  among 
the  critical  major  subsystems. 

The  contractor  shall  perform  an  availability 
prediction  entailing  a prediction  of  each  critical 
major  subsystem  availability  based  on  the  knowledge 
of  the  parts,  functions,  operating  environments,  and 
their  interrelationships.  These  predicted  values  will 
be  compared  to  the  apportioned  values  and  if  required, 
appropriate  changes  in  the  design  will  be  accomplished 
based  on  this  analysis.  A report  per  DI-R-3535/R-103- 
2M0D  as  amended,  shall  be  furnished  the  Government  as 
part  of  the  final  report." 

This  study  has  been  completed  primarily  to  deter- 
mine: 

1.  The  operability  and  maintenance  problems  to  be 
expected  in  the  new  facility  or 

2.  Those  areas  requiring  additional  design  effort. 

Secondarily,  this  report  is  furnished  to  fulfill 
contract  requirements. 


1 1 . Summary 

A.  Requirements  and  Results 

This  report  outlines  the  reliability,  availability 
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and  maintainability  parameters  incorporated  into  the 
design  of  the  NHC  facility  to  be  constructed  at 
Callery  Chemical  Company.  These  parameters  were  con- 
sidered to  be  equally  important  with  other  functional 
parameters.  Availability  goals  were  established 
utilizing  a block  diagram  of  the  NHC  process  and  the 
availability  goal  was  apportioned  to  the  critical 
systems;  BIO,  NHC,  Waste  Disposal  and  Utilities. 

Based  on  the  knowledge  of  operating  conditions,  equip- 
ment function  and  construction  materials,  each 
critical  major  subsystem  has  been  examined  and  assigned 
a predicted  availability.  At  a design  basis  of 
30,000  lb.  NHC  per  300  stream  day  yr.  an  overall  system 
availability  of  .822  is  required  to  meet  production 
goals.  The  predicted  overall  system  availability  of 
.883  requires  340  days  per  yr.  to  meet  production 
demands.  This  will  allow  for  operability  items  which 
take  longer  to  repair  than  predicted  or  which  fail  at 
a higher  rate  than  expected. 

B . Definitions  and  Assumptions 

The  reliability,  availability  and  maintainability 
analyses  which  have  been  performed  have  been  based  on 
several  definitions.  They  include  the  following: 

Reliability  - How  frequently  a subsystem  will 

fail,  or  MTBF,  mean  time  between  failures. 

Maintainability  - How  long  will  the  system  be 
shut  down  after  a failure,  or  MTTR,  mean 
time  to  repair. 

Availability  - The  fraction  of  time  the  system 

is  expected  to  be  operating  or  MTBF/fMTBF  + 
MTTR) 

Criticality  - The  assessment  of  the  extent  of 
system  shutdown  for  short  and  long-term 
failure. 

Critical  Systems  - Those  systems  which,  if  failed, 
would  stop  production  until  the  system  is 
repaired  and  their  function  cannot  be  taken 
over  by  other  equipment.  Eg.:  NHC  Reactor 

Subcritical  Systems  - Those  systems  which  if 

failed,  would  reduce  production  but  can  be 
bypassed  to  alternate  equipment  at  reduced 
capacity.  Eg.:  The  R-3  Reactor. 
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Potential  Mode  of  Failure  - Any  occurrence  of 

random  frequency  which  will  cause  an  immediate 
subsystem  shutdown  or  which  repair  time  exceeds 
the  turnaround  time  and  causes  delays  in  pro- 
cessing. 

Equivalent  Downtime  - The  measure  of  productivity 
lost  after  the  failure  of  a subcritical  system 
whose  function  is  taken  over  by  another 
critical  system  causing  reduced  capacity. 

There  have  been  assumptions  made  which  affect  the 
availability  analysis  which  has  been  performed.  It  has 
been  assumed  that  all  material  not  meeting  specification 
can  be  reprocessed  with  some  equivalent  downtime  but  no 
loss  of  the  full  production  batch.  It  has  also  been 
assumed  that  there  will  be  no  disaster  situations  (major 
fire,  explosion  or  natural  disaster)  which  will  cause 
the  destruction  of  long  delivery  time,  equipment  and 
equivalent  rebuilding  time  at  this  facility  or  critical 
supplier  facility.  There  is  no  allocation  for  labor 
relations  problems  which  might  force  temporary  plant 
closing  or  long-term  reduced  operation.  Consideration 
has  been  given  to  the  operating  conditions  which  equip- 
ment will  encounter.  High  temperature,  high  viscosities, 
corrosive  materials  and  foam  prone  materials  in  sub- 
systems increase  the  probability  of  failure  and  lower 
reliabilities  have  been  assumed  in  these  cases. 


I 

I 

I 


1 

I 

t 

I 


C.  Conclusions  and  Recommendations 


Many  of  the  design  considerations  for  the  proposed 
NHC  Plant  have  been  based  on  the  extensive  operating 
experience  of  Callery  Chemical  Company  personnel  and 
the  design  experience  of  Dravo  Corporation,  the  design 
subcontractor.  Callery  has  been  developing  and  manu- 
facturing boron  hydride  chemicals  and  engineering 
process  systems  to  handle  these  toxic,  flammable  and 
often  pyrophoric  chemicals  for  many  years.  Repairing 
equipment  containing  these  chemicals  is  hazardous  and 
safety  has  been  a major  consideration  of  Callery  for 
the  existing  plant  and  for  the  new  NHC  facility.  Quite 
often  the  reliability  of  a piece  of  equipment  has  a 
large  bearing  on  the  safety  of  the  process  so  that 
those  aspects  have  been  studied  in  the  design  effort. 

The  process  fluids  being  handled  are  generally 
flammable,  toxic  or  reactive  so  that  the  system  has 
been  designed  to  minimize  leaks  and  spills  and  vapor 
loss  to  the  process  buildings.  All  equipment  in  con- 
tact with  boron  containing  fluids  is  to  be  stainless 
steel  to  avoid  product  contamination.  The  more  durable, 
corrosion  resistant  stainless  steel  will  improve  the 
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reliability  significantly  over  carbon  steel  equipment. 

All  pumps  and  agitators  in  contact  with  boron  containing 
fluids  will  have  high  reliability  mechanical  seals  to 
prevent  significant  leakage.  Most  of  the  gasketing 
materials  will  be  teflon  or  equivalent,  carbon  or  carbon 
filled  teflon  for  long  life.  Most  other  materials  will 
swell,  crack,  or  otherwise  deteriorate.  For  the  process  j 

hardware  most  piping  is  welded  or  is  fitted  with  high 
pressure  flanges  and  valves  will  have  high  resistance 
teflon  seats.  Although  these  design  items  add  to  the  j 

cost,  the  reliability  and  safety  improvements  warrant  j 

the  added  cost.  ; 

All  of  the  process  systems  operate  under  slightly 
positive  pressure  (less  than  5 psig)  or  under  high-vacuum. 

The  low  positive  pressure  operations  reduce  the  mech- 
anical stresses  found  in  alternate  moderate  or  high 
pressure  synthesis  routes.  The  low  pressure  also  limits 
the  severity  of  process  fluid  leaks.  The  vacuum  pumps 
in  the  high  vacuum  systems  are  protected  by  methanol- 
dry  ice  cold  traps  (-108°F)  to  prevent  corrosive  attack 
and  solids  deposition  by  volatile  borane  chemicals  and 
reduce  mechanical  stress  by  limiting  vapor  flow  to  the 
pumps. 

Actual  tests  of  incineration  of  simulated  process  ( 

liquid  wastes  have  been  performed  and  successful  collec- 
tion of  the  innocuous  solid  wastes  has  been  demonstra- 
ted. The  operation  of  this  critical  system  will  protect 
the  environment  and  reduce  operator  hazard.  The  vendor 
design  of  this  complex  system  is  now  based  on  actual 
testing  rather  than  less  reliabile  speculative  opera- 
ting conditions.  The  original  design  as  conceptualized 
proved  to  be  faulty  but  the  modifications  incorporated 
after  testing  will  improve  the  long  term  performance 
of  the  unit. 

Maintainability  of  the  process  equipment  has  been 
enhanced  by  the  Oravo  construction  of  fully  piped  pro- 
cessed models.  Maintenance  can  be  performed  without 
the  interference  from  other  equipment  and  piping  that 
is  often  found  in  layouts  from  the  drawing  board.  Easy 
access  to  critical  components  of  systems  has  been 
established  by  the  modeling. 

Preventive  maintenance  programs  for  the  facility 
equipment  will  be  thorough  and  based  on  the  recommen- 
dations of  the  vendor  equipment  manuals  and  the  experi- 
ence of  Callery  operating  personnel.  Since  these 
manuals  are  not  yet  available  specific  maintenance  nro- 
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cedures  cannot  be  outlined. 

To  facilitate  maintenance  some  of  the  pumps 
specified  (in  line  pumps)  are  of  a design  which  do  not 
require  the  disassembly  of  the  motor  or  the  process 
piping  to  replace  the  pump  internals.  Mechanical  seals 
and  other  rotating  parts  are  easily  accessible. 

In  order  to  insure  proper  equipment  selection  for 
reliable  performance,  a procedure  was  undertaken  invol- 
ving Callery  and  Dravo  personnel.  After  input  by 
Callery  concerning  operating  conditions  for  a group 
of  equipment,  a general  specification  (eg.  Heat 
Exchangers)  was  written  by  the  appropriate  Dravo  group. 
Vendor  equipment  performance  guarantees  were  written 
into  the  spec  as  well  as  the  necessary  materials  of 
construction  and  corrosion  protection  instructions. 
Following  Dravo  Management  review  and  approval,  the 
general  Spec  was  reviewed  and  amended  or  accepted  by  the 
appropriate  member  of  the  Callery  project  group.  The 
specific  item  spec  (eg.  Pentane  Condenser)  was  then 
written,  followed  the  approval  pattern.  The  equipment 
specs  were  sent  to  several  vendors  for  quotations  and 
a quotation  analysis  was  performed  after  the  quotes  were 
received.  These  Dravo  quotations  analyses  were  reviewed 
by  Callery  and  the  specified  vendor  was  approved  or 
changed  after  review  of  the  quotes.  In  all  of  the  re- 
views by  Callery  and  Dravo,  reliability,  function, 
safety  and  cost  were  major  considerations.  The  Govern- 
ment Project  Management  has  also  had  specification 
approval  during  the  design  reviews. 

Equipment  maintenance  records  will  be  kept  to 
detect  equipment  that  has  an  abnormally  high  failure 
record.  This  will  aid  in  the  selection  of  new  equipment 
if  some  pieces  need  to  be  replaced.  It  will  also  point 
out  where  improved  preventive  maintenance  procedures 
are  required.  These  records  will  aid  in  the  availability 
analysis  which  is  to  be  performed  for  Contract  No. 
DAAK-40-75-C-1  2 56  , TR  #6116,  Report  BOOC , 19  months 
after  the  exercise  of  Option  II  and  15  months  after  the 
exercise  of  Option  IV. 

The  RAM  analysis  shows  that  the  facility  systems 
will  be  available  for  a sufficient  period  to  allow 
Callery  Chemical  Company  to  meet  production  requirements 
for  NHC.  There  should  be  available  time  to  be  able  to 
close  the  plant  for  a scheduled  two  week  summer  mainten- 
ance program.  This  may,  in  fact,  be  required  if  the 
existing  Callery  facility  continues  its  summer  shutdown 
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program  and  diborane  becomes  unavailable. 

D.  Long  Term  Storage  Effects 

1 . Summary 

Long  term  storage  will  have  no  significant  effect 
on  the  reliability  of  the  NHC  production  facility. 

Some  items  would  be  partially  dismantled  for  stor- 
age but  the  majority  of  equipment  would  be  thoroughly 
cleaned,  inerted  and  sealed.  Reactivation  would 
require  the  probable  replacement  of  seals  and  gaskets 
and  thorough  leak  testing  of  the  entire  system. 

2 . Pi scussi on 
a.  Deactivation 

I 

f 

In  the  event  of  deactivation  and  long  term 
storage  of  the  NHC  production  facility,  Callery 
Chemical  Company  would  be  required  to  follow  a 
thorough  and  orderly  shutdown  procedure  to  min- 
imize deterioration  in  the  1 a i d-away  plant. 

This  procedure  must  also  allow  for  the  removal 
of  reactive  chemical  residue  in  equipment. 

The  in-service  diborane  pipe  line  would  be 
inerted,  cleaned  and  sealed  by  our  standard 
procedure.  Consideration  would  be  given  to  re- 
moving the  pipe  sections  crossing  route  855. 

Pipe  deterioration  would  be  no  greater  than 
normal.  In  the  BIO  area,  the  reactors  would  be 
thoroughly  cleaned  with  solvents,  purged  with 
nitrogen  and  sealed.  The  heating  mantles  would 
be  removed  and  stored  to  prevent  moisture  attack. 

The  auxiliary  systems,  hexane  recovery  and 
dissolver-filter  would  be  washed  out  and  inerted. 

The  majority  of  the  building  piping  is  stainless 
steel  and  should  suffer  no  damage.  Carbon  steel 
systems  are  protected  from  the  environment. 

In  the  NHC  area,  all  equipment  will  be 
washed  free  of  all  residue,  nitrogen  dried  and 
sealed.  Fresh  lubricating  oil  would  be  added 
to  vacuum  pumps  and  other  oil  systems.  All 
equipment  Inside  the  NHC  building  could  remain 
in  place  without  concern  regarding  reliaoility 
after  layaway. 

All  supporting  systems  could  be  shutdown, 
the  cooling  tower  flushed  and  drained,  the 
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boiler  purged,  air  compressors  turned  off. 

Any  cooling  needed  could  be  provided  with  plant 
water.  Outside  pumps  could  be  protected 
against  the  weather  but  it  should  not  be  necess- 
ary to  dismantle  and  store  pumps. 

The  incinerator  system  should  be  one  of  the 
last  systems  to  go  into  layaway  so  that  all 
waste  solvents  from  cleaning  and  aqueous  wastes 
from  washdowns  could  be  consumed.  The  filter 
bags  should  be  removed  from  the  baghouse  and 
cleaned.  All  moisture-absorbing  solids,  such 
as  the  sodium  borate  or  boric  acid  should  be 
removed  first  as  dry  powder  and  then  water 
washed  to  the  MSA/Callery  effluent  system. 

Burner  nozzles  would  be  removed  and  the  inciner- 
ator furnace  sealed.  The  baghouse  shell,  which 
depends  partially  on  its  temperature  against 
corrosive  moisture  attack,  may  suffer  some  de- 
terioration due  to  weathering.  The  cleaning  of 
soluble,  corrosive  salts  will  significantly  slow 
attack  on  the  baghouse  shell. 

b . Layaway 

During  layaway  a program  of  occasional 
corrosion  inhibiting  painting  would  need  to  be 
instituted.  Equipment  would  be  physically  safe- 
guarded only  by  the  fence;  however,  this  should 
be  sufficient. 

c.  Reactivation 


There  will  be  reliability  problems  during 
startup  after  a long-term  shutdown.  Most  of  the 
problems  will  be  minor  in  nature  and  probably 
only  last  through  the  startup  period.  Many  seals 
will  fail  due  to  normal  compression  set  of  elas- 
tomeric materials.  Pumps  and  other  rotating 
equipment  will  need  to  be  thoroughly  tested 
before  reactivation.  Regular  gasketing  materials 
should  not  deteriorate  to  failure,  but  piping 
systems  will  need  to  be  pressure  leak  tested. 
Process  vessels  will  require  the  same  inspections. 

Electrical  contacts  often  have  the  tendency 
to  form  oxide  coatings  during  long  periods  of 
non-use,  and  this  will  also  cause  post  layaway 
startup  problems.  Failure  of  control  systems 
may  be  a hazard  during  reactivation,  but  these 
problems  should  be  noted  only  during  startup. 
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After  the  reactivation  startup  with  the 
above  problems,  the  facility  should  return  to 
the  mode  of  random  failure  until  the  plant 
nears  the  end  of  its  economic  life. 

III.  System  Description 

A . Narrative  Description 
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NHC  is  produced  in  a two  phase  operation,  the 
continuous  pyrolysis  of  decaborane  BIO  from  diborane 
B2  in  the  BIO  Building  and  the  batchwise  solution  syn- 
thesis of  NHC  from  BIO  in  the  NHC  Building,  following 
the  flow  of  the  system  block  diagram  (Figure  #1). 

Diborane  is  piped  from  the  Callery  production 
facility  into  the  B2  distribution  system  of  the  BIO 
Building.  Metered  amounts  of  B2  are  fed  into  the  first 
stage  of  the  convective  circulation  pyrolysis  reactor. 
Decaborane  and  boron  hydride  intermediates  and  polymer 
are  formed  in  the  heated  leg  of  each  stage.  The  BIO 
is  condensed  in  the  chilled  water  cooled  leg  of  the 
reactor  and  removed  by  a mechanical  scraper.  After 
several  reci rcul ati ve  passes,  the  product  gases  con- 
taining B2  are  bled  into  the  second  stage  of  the  three 
stage  reactor.  The  same  heated/cooled  configuration 
applies  in  the  second  and  third  stages.  After  the 
third  stage  reaction  recirculation,  the  high  hydrogen, 
low  B2  off  gases  are  vented  to  waste  disposal.  At 
the  completion  of  a 15  shift  operation,  the  reactor 
is  purged  with  nitrogen  and  the  collected  product 
hoppers  are  disconnected  and  dumped  into  the  dissolver. 
The  BIO  remaining  in  the  reactor  loops  is  washed  out 
with  solvent  hexane  which  is  evaporated  to  yield 
crystalline  BIO  when  the  hexane  reaches  saturation. 

The  reactor  is  then  washed  with  methanol -acetone  which 
will  digest  any  remaining  BH  Polymer.  This  waste  sol- 
vent is  drained  to  the  process  drain  tank  for  inciner- 
ation.  The  BIO  dissolved  in  reaction  solvents  R1  and 
R2  is  filtered  and  transferred  to  the  NHC  Building. 

In  the  NHC  Building,  the  dissolved  BIO  is  processed 
batchwise  through  several  operations  to  yield  crude 
NHC.  This  crude  NHC  is  purified  by  solvent  extraction, 
washing  and  distillation  to  yield  a high  purity  product 
which  is  drummed  off  for  shipment. 

In  the  R3  Reactor,  the  dissolved  BIO  is  mixed  with 
R3  to  form  a BIO  sulfide  liquid.  This  exothermic 
reaction  continues  over  a 24-hr.  period.  This  re- 
action product  is  then  transferred  to  the  NHC  Reactor 
feed  pot  which  adds  the  sulfide  product  into  refluxing 
R1  and  1-octyne.  After  the  NHC  reaction  is  completed 
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in  two  hours,  total  reflux  is  continued  for  an  hour 
and  then  the  excess  reaction  solvents  are  stripped 
under  vacuum.  The  NHC  containing  reactor  residue  is 
pressure  transferred  to  the  planetary  mixer  where  R4 
is  added  to  digest  non-NHC  decaborane  species.  This 
viscous  solution  is  then  extracted  with  four  pentane 
additions.  The  NHC  is  dissolved  in  the  pentane  and 
a tarry  residue  remains  in  the  planetary  mixer.  This 
re-sidue  is  thinned  with  toluene  and  is  transferred  to 
the  process  drain  tank. 

The  pentane-NHC  solution  is  washed  with  caustic 
and  salt  water  washes  in  the  NHC  wash  tank.  The 
washed  Pentane-NHC  extract  is  pumped  to  the  NHC  puri- 
fication kettle.  In  this  kettle  the  majority  of  the 
pentane  is  stripped  from  the  solution  using  low 
pressure  steam  in  the  kettle  jacket.  The  recovered 
pentane  is  then  pumped  back  to  storage.  The  NHC 
containing  residual  is  pumped  to  the  vacuum  distill- 
ation unit  where  the  forecut  from  the  previous  batch 
is  recycled.  Three  overhead  cuts  are  taken  in  this 
high  vacuum  unit.  The  first  waste  cut  contains  mostly 
pentane  and  other  volatile  organics  and  organoboranes 
remaining  after  the  NHC  purification  atmospheric 
distillation.  The  second  cut,  the  forecut,  is  high  in 
NHC  but  contains  too  many  volatiles  and  is  held  for 
recycle.  The  final  overhead  cut  is  the  product  which 
is  pumped  to  drums,  analyzed,  weighed  and  prepared  for 
shipment.  The  residue  remaining  in  the  pot  after  the 
temperature  reaches  392°F.  and  the  pressure  reduced  to 
.5  mmHg  absolute  is  cooled  and  thinned  with  toluene 
and  pumped  to  the  process  drain  tank. 

All  of  the  waste  from  the  facility  with  the  excep- 
tion of  the  sanitary  sewage  is  disposed  of  in  the  waste 
disposal  unit.  The  boron  containing  organic  liquids 
all  drain  to  the  process  drain  tank.  The  plant  aqueous 
wastes,  the  caustic/salt  washes,  floor  washings  and 
boiler  water  conditioner  regenerative  waste  all  drain 
to  the  aqueous  drain  tank.  Both  of  these  drain  tanks 
feed  into  the  incinerator.  The  four  vent  headers  from 
the  two  process  buildings  also  feed  into  incinerator. 

The  BIO  vent  header  containing  B2 , hydrogen  and  nitrogen, 
the  wash  vent  containing  volatile  organics  from  the  BIO 
Building  and  the  NHC  vent  header  containing  volatile 
organics  from  the  NHC  Building  vent  to  the  incinerator 
after  discharging  through  seal  pots.  The  high  velocity 
header,  primary  for  dust  and  toxic  vapor  collection 
discharges  directly  to  the  incinerator  and  is  used  as 
combustion  air.  The  incinerator  gasses  are  quenched 
to  400°F.  The  particulates,  mostly  sodium  carbonate. 
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sodium  chloride  and  sodium  borate  salts,  are  collected  (j 

in  a baghouse  and  drummed  off  for  contract  landfill.  ij 

A fourth  seal  pot  is  provided  as  overload  protection 
for  the  3 vapor  stream  seal  pots  in  an  upset  condition.  ;j 

At  high  vapor  flow  rates  the  6"  water  pressure  is  >i 

overcome  and  the  excess  gases  vent  ot  the  emergency  i 

flare  for  safe  combustion.  j 

S 

Electricity,  natural  gas,  process  water  and  liquid  , 

nitrogen  are  supplied  by  outside  utility  companies. 

Steam,  gaseous  nitrogen,  cooling  water  and  compressed  \ 

instrument  air  are  utilities  which  are  produced  on  i 

site.  All  of  the  utilities  have  excellent  availability. 

!i 
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B.  NHC  FACILITY  BLOCK  DIAGRAM 
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C.  NHC  FACILITY  PREDICTED  SYSTEMS  AVAILABILITY  SUMMARY 
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NHC  Distillation 


.995 

.98 

.975 

. 997 

.985 

.99 


Waste  Disposal 

.970  Incinerator 

Tanks  and  Pumps 


.975 

.995 


Utilities 

.990  Steam,  N2 , Water,  Gas  1.00 
Cooling  Water,  Air, 

Power  .99 


AI  « A B-10 

X A NHC 

X A WD  X A UT 

AI  = 

.995  X 

.9243  X 

.97  X .99 

AI  = 

.883 

Design  Basis:  30  ,000  1 b . / 30  0 Stream  Day  Yr. 

A I.D.  ■ 300/365  = .822 

Predicted  System  Availability,  .883  Requires  300/. 883 
or  340  days  per  yr.  scheduled  operation.  This  would 
permit  two  week  annual  maintenance  shutdown. 


*B-10  Reactor  Loops  not  critical  if  availability  is  not 
less  than  overall  system. 
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Subsystem  Summary 


8-10  Reactor  Loops  Subsystem 


Equipment  and  Function 

The  BIO  Reactor  Loops  pyrolize  the  raw  material 
diborane  into  the  intermediate  product  decaborane. 

One  reactor  (36215-17)  consists  of  three  con- 
vective circulation  loops,  each  with  an  electrically 
heated  vertical  leg  for  pyrolizing  the  diborane  feed 
to  decaborane,  a vertical  chilled  water  jacketed  leg 
for  condensing  the  decaborane  and  two  horizontal 
crossover  legs.  The  byproduct  hydrogen,  intermediate 
boron  hydrides  and  diborane  are  recirculated  through 
each  loop  and  bled  into  the  successive  loop.  The 
primarily  hydrog.en  off  gas  from  the  third  loop  is 
filtered  (45206)  and  vented  to  a vent  header.  The 
product  decaborane  is  mechanically  scraped  from  the 
condensing  walls  into  the  product  hoppers  (35252)  and 
some  BH  Polymer  is  entrained.  After  the  reaction  per- 
iod the  reactor  is  purged  with  nitrogen,  the  product 
hoppers  sealed  and  removed  and  the  loops  flooded  with 
hexane  to  dissolve  any  BIO  in  the  reactor  then  flushed 
with  a methanol -acetone  mixture  pumped  (41213)  from  a 
head  tank  (36201)  to  dissolve  any  BH  Polymer.  BH 
Polymer  entrained  in  the  hexane  wash  is  filtered  (45201) 
and  this  filter  is  backflushed  with  methanol -acetone . 

The  waste  solvent  is  pumped  to  the  process  drain  tank. 

Cri ti ca 1 i ty 

The  large  number  of  reactors  (12)  running  in 
parallel  will  yield  a steady  flow  of  decaborane.  The 
overall  availability  of  the  twelve  reactors  must  equal 
the  overall  availability  (.822)  of  the  entire  plant  in 
order  to  meet  production  demand.  These  conceptually  new 
and  complex  reactors  may  have  operational  problems  with 
flow  restriction  and  plugging  but  the  ongoing  work  on  the 
pilot  plant  reactor  design  is  yielding  constant  improve- 
ment in  operability.  Present  expected  availability  is 
approximately  90%  with  additional  washout  but  the  con- 
tinuing reactor  design  effort  should  result  in  an 
improvement.  The  methanol-acetone  washout  is  a mechan- 
ically simple  system  with  boron  polymer  dissolution  rapid 
and  complete.  Potential  modes  of  failure  are  quickly 
and  easily  corrected  allowing  a high  availability  in  the 
washout  system. 
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3 . Potential  Modes  of  Failure  - Cause  & Effect 
Probabi 1 i ty 

Reactor  Pluggage  - Solids  buildup  in  crossovers 
will  shutdown  reactor  flow  for  premature 
cleanout.  MTBF=  11  days  MTTR  • 1 day 

System  Leakage  - Thermal  and  mechanical  stress 
leaks  would  cause  reactor  shutdown  for 
resealing.  MTBF  » 180  days  MTTR  = 1 day 


Instrument  Failure  - Sensitivity  of  electronic 

parts  causing  shutdown  to  replace.  MTBF  = 75 
days  MTTR  = 1 day 


4.  A I 


11  y 180  Y 
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B . Hexane  Wash  and  Recovery  Subsystem 

1 . Equipment  and  Function 

The  hexane  wash  and  recove  - "em  is  designed  to 
dissolve  any  decaborane  remaini-v  . , uhe  reactor  loops, 
filter  any  entrained  polymer,  v,  ;uum  distill  the  hexane 
for  recycle  and  recover  crystalline  decaborane. 

The  hexane  is  pumped  from  drums  to  the  hexane  hold 
tank  (35241).  The  solvent  is  then  pumped  (41237)  to 
fill  the  reactor  loops  then  pumped  through  the  borane 
polymer  filter  back  to  the  hold  tank.  When  the  hold  tank 
is  saturated  with  BIO,  it  is  pumped  to  the  wash  system 
kettle  (36204).  The  hexane  is  then  distilled  through  a 
condenser  (31205),  recovery  receiver  (35214)  and  cold 
trap  (35215)  before  the  vacuum  pump  (32201).  Non-conden- 
sables are  exhausted  into  the  vent  header.  The  recovered 
hexane  is  pumped  (41217)  back  to  the  hexane  hold  tank. 
After  100  lbs.  of  B10  is  recovered  raw  materials  R1  and 
R2  are  added  to  the  still  kettle  to  prepare  a batch  to 
feed  to  the  R3  Reactor. 

2 . Cri ti ca 1 i ty 

The  hexane  wash  system  is  necessary  to  maintain 
efficient  operation  in  the  B10  Reactor  Loops.  The 
minimum  equipment  necessary  to  complete  the  washout  is 
a drum  pump  to  pump  the  hexane  to  the  head  tank.  From 
there  i t can  gravity  flow  into  the  reactor  loops  and  to 
the  process  drain  tank  with  some  loss  of  B10  (about  2" 
of  production).  Potential  modes  of  failure  in  this 
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system  (mostly  leakage)  can  be  repaired  with  little 
loss  of  production.  The  hexane  recovery  system  will 
operate  less  than  2%  of  the  time  and  repairs  can  be 
made  with  no  loss  of  production  during  the  normal 
downtime  on  the  still. 

3 . Potential  Modes  of  Failure  - Cause  & Effect  - 
Probabi 1 i ty 

System  Leakage  - Chemical  and  mechanical  stress 
causing  mechanical  seal  failure  or  other  seal 
failure  may  delay  washout  or  distillation. 

MTBF  - 180  days  MTTR  8 hr.  Not  critical  - No 
lost  production. 

4.  A I * 1 .00 
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C . Decaborane  Dissolver  - Filter  Subsystem 

1 . Equipment  and  Function 

The  Dissolver  Filter  System  receives  decaborane 
from  the  product  hoppers,  forms  a solution  with  R1 
and  R2  and  filters  the  BH  Polymer  from  this  solution 
as  the  feed  for  an  R3  Reaction  Batch. 

Decaborane  is  weighed  into  the  dissolver  (36202) 
as  a dry  powder.  R1  and  R2  are  added  through  measuring 
pots  (35208,  35209)  and  the  kettle  is  heated  to  100°F. 
with  steam  in  the  jacket  and  agitated.  The  solution  is 
pumped  (41231)  through  the  dissolver  filter  (45205)  into 
the  dissolver  surge  tank  (36210).  The  filter  is  back 
flushed  with  methanol -acetone  which  flows  to  the  process 
drain  tank. 

2 . Critical  i ty 

Since  all  of  the  decaborane  produced  flows  through 
dissolver  system,  it  is  the  most  critical  in  the  B10 
area.  It  is  buffered  from  the  front  by  the  large  holding 
capacity  of  the  product  receivers  and  from  the  back  by 
the  dissolver  surge  tank,  capable  of  holding  a full 
dissolver  batch.  The  system  will  be  in  mechanical  opera- 
tion about  one  hour  per  day  and  probable  failures  can 
be  corrected  in  less  than  24  hours.  The  system  will 
have  a high  availability. 

3 . Potential  Modes  of  Failure  - Cause  & Effect 
Probab i 1 i ty 

Seal  Leakage  - Thermal  and  mechanical  stress 
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4.  A 


causing  seal  leaks  would  delay  processing 
while  being  repaired.  MTBF  200  days 
MTTR  8 hrs . 

Pump  Failure  - Mechanical  wear  causing  poor  pump 
performance  MTBF  = 300  days  MTTR  1 day 


= 200  y 300 
2U0T33  A TOT  ' 
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0 . R-3  Reactor  Subsystem 


1 . Equipment  and  Function 

The  R-3  Reactor  is  designed  to  react  the  R-l/R-2/ 
Decaborane  solution  with  butyl  sulfide  to  yield  a 
complex  which  will  react  with  1 octyne  in  the  NHC 
Reactor . 

The  filtered  dissolved  decaborane  is  gravity  fed 
to  the  R-3  Reactor  (36205)  from  an  agitated  surge  tank 
(36210).  R-3  is  pumped  (41209)  from  a drum  through  a 

measuring  tank  (35216)  and  into  the  R-3  Reactor.  The 
reaction  is  exothermic  and  is  controlled  by  cooling 
water  circulating  through  the  reactor  jacket.  Hydrogen 
is  liberated  in  this  reaction  and  is  vented  into  the 
NHC  vent  header.  The  reaction  is  essentially  complete 
in  24  hrs.  and  the  low  viscosity  reaction  mass  is 
pumped  (41218)  into  the  NHC  reactor  feed  pot  (35207). 
Dissolved  decaborane  from  the  hexane  recovery  still 
is  also  reacted  in  the  R-3  reactor  as  a blend  with 
regular  production  decaborane.  The  wash  product  B10 
has  its  own  surge  tank/feed  pot  (36212). 

2 . Criticality 

The  R-3  Reactor  will  be  in  service  nearly  continually 
due  to  the  24  hr.  reaction  time.  It  can  be  bypassed 
by  using  the  NHC  Reactor  for  the  R-3  Reaction  at 
approximately  50%  equivalent  downtime.  Potential  modes 
of  failure  (sealing  and  pumping  problems)  are  easily 
corrected  but  may  require  a clean  system  for  repair. 
Short-term  loss  is  not  critical  to  the  production 
capacity.  The  low  viscosity  system  will  have  good 
inherent  availability. 

3 . Potential  Modes  of  Failure  - Cause  & Effect 
Probabi 1 i ty 

Seal  Failure  - Thermal  and  mechanical  stress  leaks 
causing  cleanout  of  this  reactor  to  repair. 

MTBF  * 360  days  MTTR  1 day 
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Pump  and  Agitator  Failure  - Mechanical  wear 
causing  shutdown  to  replace  rotati  ng.  parts . 
MTBF  « 3 yrs.  MTTR  2 days 


4. 


Instrument  Failure  - Sensitive  electronic  parts 
fail  causing  delay  in  processing.  MTBF  = 360 
days  MTTR  8 hrs. 


. T _ 360  Y 1 080  Y 360 
A 1 * 1ST  A 1 082  * T5(3\  33 
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E . NHC  Reactor  Subsystem 
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1 . Equipment  and  Function 

The  NHC  Reactor  System  reacts  the  R-3  decaborane 
complex  with  refluxing  1-octyne  and  R-l  forming  NHC. 

The  excess  solvents  are  then  stripped  and  condensed. 

The  NHC  containing  residue  is  then  transferred  to  the 
planetary  mixer. 

R-l  and  1-Octyne  are  pumped  from  drums  into 
separate  measuring  pots  (35217,  35218)  and  fed  into 
the  reactor  (36206).  The  R-3  complex  is  added  from 
the  feed  pot  (35207)  over  a period  of  two  hours  and 
the  temperature  is  held  at  reflux.  An  NHC-sulfide 
complex  is  formed.  After  the  reflux  period,  the 
solvents  are  vacuum  stripped  through  a condenser  (31206) 
waste  receiver  (35219)  and  cold  trap  (35220)  before 
the  vacuum  pump  (42204).  Reaction  waste  is  pumped 
(41219)  to  the  process  drain  tank  and  non-condensables 
are  vented  to  the  NHC  vent  header.  The  NHC-sulfide 
complex  residue  and  other  by  products  are  high  viscos- 
ity and  are  nitrogen  pressurized  to  the  planetary 
mi xer , 

2 . Criticality 

The  NHC  Reactor  is  critical  to  the  manufacture  of 
the  product  NHC.  There  is  no  other  piece  of  equipment 
that  can  accommodate  the  reflux  and  solvent  stripping 
and  the  resultant  high  viscosity  mass  that  remains. 

The  unit  is  in  operation  8 hours  per  day  so  that 
short  term  maintenance  problems  will  not  result  in  a 
significant  loss  of  production.  The  unit  is  buffered 
by  the  NHC  feed  pot.  With  regular  preventive  main- 
tenance and  thorough  cleanout,  the  inherent  availability 
will  be  good. 

3 . Potential  Modes  of  Failure  - Cause  & Effect 
Probabi 1 i ty 

Condenser  Failure  - Distillation  of  high  boiling 
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liquids  and  foaming  could  foul  condenser 
shutting  down  reactor  for  cleanout.  MTBF  = 
180  days  MTTR  = 1 day 

Instrument  Failure  - Electronic  control  systems 
malfunction  necessitating  shutdown  to 
repair/replace.  MTBF  = 360  days  MTTR  1 day 

Vacuum  System  - Failure  of  rotating  parts  and 
vacuum  leaks  which  cause  reactor  shutdown. 
MTBF  = 360  MTTR  2 days. 

Seal  Failures  - Valving  and  agitator  seal  leaks 
causing  shutdown  of  reactor  system  to  repair. 
MTBF  = 180  days  MTTR  1 day. 
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F . Planetary  Mixer  Subsystem 

1 . Equipment  and  Function 

The  planetary  mixer  is  used  to  react  the  NHC 
Reactor  residue  with  R-4,  pyridine  and  remove  the 
sulfide  from  the  NHC.  This  product  is  extracted  with 
pentane  in  the  high  work  mixer.  The  pentane  NHC  is 
pumped  to  the  wash  tank  and  the  residue  diluted  and 
drained . 

The  NHC  residue  pressured  from  the  NHC  Reactor  is 
fed  directly  into  planetary  mixer  (45202)  and  pyridine 
is  pumped  (41210)  through  a measuring  pot  (35221)  and 
fed  slowly  to  the  residue.  After  reaction,  pentane 
is  pumped  (41204)  from  the  storage  tank  through  a 
measuring  pot  (35222)  and  into  the  mixer.  After  the 
mixed  extraction  period  the  agitator  is  shut  off,  the 
residue  settled  and  the  pentane  layer  is  pumped  off 
(41220)  to  the  NHC  wash  tank.  The  extraction  is  repeated 
4 times.  The  remaining  residue  is  thinned  with  toluene, 
pumped  (41205)  from  storage  through  the  toluene 
measuring  pot  (35223)  and  the  thinned  mass  is  pumped  to 
the  process  drain  tank. 

2 . Cri ti ca 1 i ty 

The  planetary  mixer  is  critical  to  the  production 
capability  of  NHC.  It  is  the  only  piece  of  equipment 
that  can  perform  the  extraction  efficiently.  This  burden 
could  possibly  be  performed  inefficiently  in  the  NHC 
Reactor  with  loss  of  yield  due  to  poor  agitation  and 
production  loss  by  preventing  continued  NHC  reactions. 

The  maintenance  requirements  and  costs  on  this  mixer 
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could  be  high  due  to  the  heavy  strain  imposed  by  the 
high  viscosity  residue.  The  unit  is  in  operation 
7 hrs. /batch  so  that  preventive  and  minor  repair  main- 
tenance can  be  performed  without  loss  of  production. 

3 . Potential  Modes  of  Failure  - Cause  & Effect 
Probab i 1 i ty 
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Agitator  bearing  failure.  High  viscosity  residue 
causing  excessive  bearing  wear  necessitating  shutdown 
for  replacement.  MTBF  - 180  days  MTTR  = 3 days. 

Seal  Failure  - System  leaks  causing  shutdown  to 
repai r/replace  MTBF  = 180  days  MTTR  = 1 day 


G. 


Instrument  Failure  - Sensitive  electronic  parts 
fail  shutting  down  mixer  to  replace.  MTBF  = 360  days 
MTTR  = 1 day. 
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NHC  Wash  Subsystem 
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1 . Equipment  and  Function 


Pentane  - NHC  from  extraction  is  washed  with  two 
salt  and  two  caustic  washes  to  break  down  any  non-NHC 
higher  borane  molecules.  The  washed  pentane-NHC  is 
pumped  to  the  NHC  purification  kettle. 

Pentane  is  pumped  into  the  NHC  wash  tank  (36208) 
in  four  extraction  cuts.  It  is  then  washed  with 
causti  c/ceriretl  fc/$al  t^sal  t solutions.  50%  caustic  is 
pumped  (4121  ) from  a drum  into  the  caustic  dilution 
tank  (36209)  where  it  is  diluted  with  water.  This  8% 
solution  is  transferred  (41221)  to  a measuring  pot 
(35225).  It  is  gravity  fed  into  the  wash  tank,  agi- 
tated, settled  then  drained  to  the  aqueous  drain  tank. 
The  pentane  layer  is  recycled  to  the  wash  tank  through 
a hold  tank  (35238)  and  pump  (41234).  Dry  salt  is 
weighed  into  the  salt  dilution  tank  (36207)  and  diluted 
with  water.  This  5%  solution  is  pumped  (41222)  through 
a measuring  pot  (35226)  and  gravity  fed  to  the  wash 
tank.  The  wash  procedure  is  the  same.  After  the  four 
washes,  the  pentane  layer  is  pumped  (41223)  to  the  NHC 
purification  kettle. 


2 . Cri ti cal i ty 


The  wash  system  removes  many  impurities  from  the 
pentane  extract  which  can  be  removed  in  the  final 
distillation  step.  However,  this  procedure  makes  the 
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vacuum  distillation  much  more  difficult  to  control 
due  to  gas  formation  and  higher  residue  formation. 

The  wash  process  takes  about  5 hrs.  and  the  probable 
modes  of  failure  (sealing  problems)  are  easily  corrected 
in  the  normal  downtime  so  this  unit  should  have 
excellent  availability. 


Potential  Modes  of  Failure 
Probabi 1 i ty 


Cause  & Effect 


Pump  and  Agitator  Failure:  Wearout  of  rotating 
parts  causing  shutdown  to  remove  and  replace. 
MTBF  * 2 yrs . MTTR  = 2 days 

■ Hi  = .997 
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NHC  Purification  System 

1 . Equipment  and  Function 

The  NHC  Purification  Atmospheric  Distillation 
Still  strips  and  recovers  pentane  from  the  washed  pentane 
extract . 

The  washed  pentane  extract  is  pumped  into  the  NHC 
purification  kettle  (35227)  which  is  heated  with  low 
pressure  steam.  The  pentane  vapors  flow  through  a packed 
column,  are  condensed  (31207)  and  the  stream  split 
equally  to  flow  to  reflux  and  to  the  receiver  (35239). 
After  the  bulk  of  the  pentane  is  stripped,  it  is  pumped 
(41235)  back  to  storage.  The  pot  residue  is  pumped 
(41246)  to  the  vacuum  distillation  unit. 

2 . Cri ti cal i ty 

This  unit  performs  a distillation  that  could  be 
handled  by  the  final  vacuum  distillation  unit  at  a 
reduced  efficiency  and  some  loss  of  production  and 
loss  of  pentane.  The  batch  time  in  the  still  is  five 
hrs.  and  this  is  the  simplest  distillation  due  to  a 
one  solvent  fraction,  atmospheric  pressure,  and  little 
or  no  foaming  In  the  operation.  The  column  packing  may 
require  regular  cleanout  but  this  can  be  accomplished 
with  no  loss  of  production.  This  system  will  have  high 
avai 1 abi 1 i ty . 

3 . Potential  Modes  of  Failure  - Cause  & Effect 
Probabi 1 7 ty 

Control  Instrument  Failure  - sensitive  electronics 
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failure  controlling  distillation  resulting  in 
shutdown  to  repair  or  replace.  MTBF  = 180  days 
MTTR  = 1 day. 

Seal  Failure  - Mechanical  and  chemical  stress 
causing  leaks  resulting  in  shutdown  of 
operation.  MTBF  = 360  days.  MTTR  = 1 day 

Pump  Failure  - Rotating  parts  wearout  causing 
shutdown  to  remove  and  repair  MTBF  = 2yrs. 

MTTR  = 2 days. 


J . 
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Condenser  Pluggage  - Solids  and  tar  buildup  during 
batch  causing  shutdown  before  batch  completion 
to  cleanout.  MTBF  = 270  days.  MTTR  = 1 day. 


180  y 360  ¥ 730  ¥ 270 
T§T  * 36T  x 7TT  x ITT  " 
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NHC  Vacuum  Distillation  Subsystem 


1 . Equipment  and  Function 


The  vacuum  distillation  unit  distills  the  residue 
from  the  atmospheric  still  into  four  fractions,  one  of 
which  is  high  purity  NHC  product. 


The  vacuum  distillation  unit  (47210)  receives  the 
stripped  residue  from  the  atmospheric  still  and  the 
forecut  from  the  previous  batch  is  pumped  (41236)  into 
the  still.  The  absolute  pressure  is  gradually  lowered 
and  the  temperature  of  the  electrically  heated  still 
pot  raised.  The  overhead  vapors  pass  through  the  packed 
column,  are  condensed  and  refluxed  and  the  first  cut 
taken  is  pentane  and  volatile  byproducts  which  is  pumped 
(41224)  to  the  process  drain  tank.  The  second  cut,  or 
fore cut,  is  low  purity  NHC  and  is  recycled  in  the  sub- 
sequent batch.  The  third  cut,  the  NHC  product  is  pumped 
(41225)  off  for  packaging.  Toluene  is  measured  (35224) 
into  the  still  and  the  thinned  residue  is  pumped  to  the 
drain  tank. 


2 . Cri ti ca 1 i ty 

This  distillation  has  proven  to  be  difficult  on  the 
pilot  plant  scale.  Since  this  is  the  final  step  in 
the  process  and  determines  the  purity  and  yield  of  the 
batch  production,  efficient  operation  is  mandated.  Batch 
cycle  time  is  uncertain,  possibly  16  hrs.  Two  units 
are  to  be  installed,  the  second  serving  as  a spare  or 
for  redistillation  of  off  purity  material.  High  main- 
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tenance  is  expected  due  to  the  high  vacuum  service. 

Regular  cleanout  and  preventive  maintenance  will 
provide  acceptable  availability  in  a single  unit  and 
high  availability  in  the  parallel  units. 

3 . Potential  Modes  of  Failure  - Cause  and  Effect 
Probability 

Low  Purity  NHC  - Poor  operational  control  resulting 
in  off  spec  NHC  requiring  redistillation. 

MTBF  = 15  days.  MTTR  = 1 day. 

Column  Buildup  - Buildup  of  solids  and  tars  in 
column  requiring  shutdown  to  dissolve  and 
clean  MTBF  90  days  - MTTR  = 1 day 

Vacuum  System  - Mechanical  wear  in  vacuum  pump 
will  not  permit  full  vacuum  (.5  mm  Hg)  causing 
shutdown  to  rebuild.  MTBF  = 180  days 
MTTR  = 3 days. 

Instrumental  Failure  - Control  instruments  fail 
requiring  shutdown  to  repair  MTBF  = 180  days 
MTTR  = 1 day. 

Piping  System  Leaks  - Thermal  and  mechanical 
stress  leaks  causing  shutdown  to  repair 
MTBF  = 180  days.  MTTR  = 1 day. 

a a T M ii  n i +•  1 - 1 5 y 90  Y 1 80  Y 1 80  y 1 80  _ 

4.  A I (1  unit)  - - .902 

A I (parallel)  = 1 . - ( 1 . 0- . 902  ) 2 = .990 
K . Waste  Disposal  System  - Incinerator  Subsystem 

L . Equipment  and  Function 

The  incinerator  receives  all  of  the  process 
waste  gases  and  liquids,  oxidizes  them  completely  and 
precipitates  and  collects  the  particulates  formed  for 
disposal  as  dry  solids. 

Gaseous  and  vapor  streams  from  the  process  vent 
headers  pass  through  three  seal  pots  (35236,  35257, 

35258)  which  maintain  a slight  positive  pressure  on 
the  vents.  These  feed  directly  to  the  incinerator 
(44204).  A fourth  seal  pot  (35237)  provides  pressure 
relief  for  the  three  seal  pots  and  feeds  directly  to 
the  emergency  flare.  Waste  organic  liquids  from  the  pro- 
cess drain  tank  (35232)  are  pumped  (41229)  into  the  incin- 
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erator  process  feed  tank  (35233).  This  liquid  is 
pumped  (41230)  to  the  incinerator  on  an  intermittent 
basis  to  compensate  for  reduction  in  flow  of  organic 
vapors.  The  waste  aqueous  stream  is  pumped  (41243) 
from  the  drain  tank  (35250)  to  the  feed  tank  (35251). 

This  is  pumped  (41244)  on  a continuous  basis  into  the 
incinerator  to  react  with  the  oxidizing  boron  species. 

The  dirty  waste  gases  are  quenched  with  water  sprays  and 
particulates  are  filtered  through  the  bag  house.  The 
collected  solids  are  drummed  for  disposal.  The  incin- 
erator operation  is  automatic  to  minimize  the  use  of 
auxiliary  fuel. 

2 . Cri ti cal i ty . 

The  incinerator  oxidizes  all  of  the  toxic  and 
polluting  waste  materials  from  the  process  and  converts 
them  into  innocuous  materials.  Production  should  stop 
if  the  incinerator  is  shut  down.  The  emergency  flare 
will  handle  the  process  vapor  flow  but  all  efforts  must 
be  made  to  exclude  volatile  boranes  from  this  stream. 

The  BIO  area  must  be  shut  down  as  well  as  most  of  the 
NHC  area.  The  incinerator  is  being  designed  to  be  as 
reliable  and  maintainable  as  possible.  The  baghouse 
is  compartmentalized  so  that  one  section  can  be  isolated 
if  there  is  bag  failure.  Many  operational  parts  are 
replaceable  with  the  unit  in  restricted  operation. 
Refractory  problems  are  probable  with  the  glass  forming 
boron  oxides.  Relatively  low  (1600°  F)  furnace  temper- 
ature should  slow  any  refractory  degradation.  Auxiliary 
equipment  (tanks,  pumps,  seal  pots)  will  have  high 
availability  with  short  term  loss  not  critical  and  easily 
repai rab 1 e . 

3 . Potential  Modes  of  Failure  - Cause  & Effect 
Probab i ) i ty 

Refractory  Failure  - Occasional  heating  and  cooling 
cycles  and  chemical  attack  gradually  deteriorate 
refractories  causing  shutdown  to  rebuild. 

MTBF  = 5 yrs . MTTR  = 18  days. 

Filter  Bag  Failure  - Mechanical  wear  and  thermal 
degradation  cause  lower  collection  efficiency 
requiring  shutdown  to  replace  bags.  MTBF  240 
days.  MTTR  = 3 days 

Instrumental  Control  - Malfunction  of  controls 
causing  shutdown  to  repair.  MTBF  ■ 180  days 
MTTR  = 1 day. 
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Feed  Pump  Failure  - Mechanical  wear  and  chemical 
stress  failures  causing  process  shutdown  after 
drain  tanks  fill.  MTBF  = 180  days 
MTTR  = 1 day 


2160  „ 240  „ 180  „ 180 
T\T5  a 243  A 181  A 1ST  " 


.970 


L . Utilities  Systems 

1 . Equipment  and  Function 


The  process  utilities  provide  the  support  for  the 
NHC  production  equipment. 

a.  Electric  power  is  purchased  from  Pennsylvania 

Power  Co.  and  is  available  as  120  V.  single  phase 
or  460  V.  three  phase.  Electricity  is  critical 
to  the  operation  of  the  plant,  but  is  highly 
reliable. 


b.  Process  water  is  purchased  from  Evans  City  and  is 
held  in  two  1/2  million  gallon  reservoirs. 
Pressure  is  provided  by  a jockey  pump  and  a 
diesel  fire  pump  if  electricity  is  lost. 

c.  Natural  gas  is  purchased  from  the  Peoples  Natural 
Gas  Co.  and  is  piped  from  the  existing  Callery 
plant.  It  is  critical  only  as  pilot  fuel  for  the 
flare  and  cylinderized  gas  (propane)  could  be 
substituted  for  short  term  use.  It  is  highly 
reliable.  All  other  fuel  consuming  equipment  is 
operated  on  #2  fuel  oil. 


d.  50  psig  steam  is  provided  by  the  electrically  heated 
process  boiler  (44202A)  and  the  oil  fired  building 
heat  boiler  (44202B).  These  are  serviced  by  the 
water  treatment  unit  (47201),  the  boiler  chemical 
treatment  unit  (47202),  the  deaerator  (47204)  and 
the  condensate  return  unit  (47203).  Dual  systems 
provide  extremely  high  reliability.  Fuel  oil  is 
backed  up  by  natural  gas. 

e.  Nitrogen,  used  for  inerting  the  process  and  equip- 
ment, will  be  purchased  and  stored  as  a liquid  in 
the  nitrogen  storage  system  (47207).  Since  nitrogen 
supply  is  extremely  critical  to  the  safety  of  the 
operation,  the  liquid  storage  will  be  backed  up 

by  a high  pressure  cylinder  manifold  system  for 
the  unlikely  event  of  the  liquid  system  failure. 
Availability  must  be  100".  50  psig  nitrogen  gas 

will  be  generated  from  the  liquid. 
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f.  100  psig.  instrument  air  and  the  breathing  air 
are  provided  by  the  dual  air  compressors  (42203 
1 and  2)  and  instrument  air  dryer  (47206). 
Instrument  air  supply  is  critical  to  the  plant 
operation  since  all  air  operated  process  valves 
should  fail  in  a safe  position  if  air  is  lost. 

Safe  position  will  normally  be  non-operati  onal  . 

High  availability  is  inherent  in  this  system  with 
proper  maintenance.  Maintenance  requirements  will 
be  low. 

g.  Cooling  water  and  chilled  cooling  water  provide  the 
heat  transfer  necessary  to  efficiently  operate 

the  processes.  The  cooling  tower  (44203)  provides 
all  of  the  cooling  for  the  plant,  with  the 
exceptions  of  the  B10  reactor  condenser  legs  and 
the  pentane  condenser,  which  are  cooled  by  the 
chilled  cooling  water  system  (44201).  Loss  of 
chilled  water  would  not  be  critical  but  would  cause 
decreased  yields  in  decaborane  production  and 
reduced  pentane  recovery.  The  loss  of  all  cooling 
water  would  necessitate  a shutdown,  but  reliability 
is  excellent  and  probable  failures  (system  sealing) 
are  quickly  and  easily  repaired. 

2 • Criticality 


1 

l 

I 


* 

•w 


The  criticality  of  each  individual  system  has  been 
discussed  above.  Failure  of  electricity  supply  would 
be  the  most  critical  item,  but  there  can  be  no  backup 
system.  Nitrogen  is  also  extremely  critical  to  the 
operability  of  the  plant  but  the  liquid/vapor  supply 
system  will  provide  the  necessary  reliability.  The 
dual  air  compressors  provide  excellent  reliability 
with  partial  load  shifting  in  the  event  of  failure 
of  one  unit.  Production  may  be  slightly  curtailed. 

The  cooling  water  is  recirculated  by  two  pumps  feeding 
a common  line.  Loss  of  one  pump  would  not  cause 
significant  production  delays.  The  overall  availability 
of  the  critical  utilities  will  be  very  good. 

3 . Potential  Modes  of  Failure  - Cause  & Effect 
Probability 


# 


i 


I 

l 

I 
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Steam,  water,  gas  and  nitrogen  should  not  fail  in 
the  15  year  economic  life  of  the  plant. 

Electricity  - Loss  from  utility  company  or  insulator 
ground  fault  would  shut  down  plant.  MTBF  = 90  days 
MTTR  =■  12  hrs . 
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Compressed  Air  Failure  - Wearout  of  rotating  parts 
causing  shutdown  to  repair.  MTBF  = 4 yrs. 

MTTR  = 2 days 

Cooling  Water  - Failure  of  pumps  resulting  in  shutdown 
to  repair  MTBF  = 360  days.  MTTR  = 1 day. 
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RELIEF  VALVE  CALCULATION 
GAS  OR  VAPOR 


CONTRACT  NO.:  7 *7 J 9 


ITEM  NO. : ? rj  - I Q 


(See  Engineering  Procedure  No.  20) 


FLOW  SHEET  NO.: 
MADE  BY:  9 ?7 


I'1 


_LQ_ 


CHECKED  BY: 

BASIS  OF  SIZING:  Critical  Velocity  . 

FIK6  7°  iPfriT  fJi\.  OF  'til 

GENERAL 


DATE:  1-7^'H 
DATE: 


Z 


Vessel  Item  Number  & Description 

Vessel  Dimensions:  Dia. : J 

Design  Pressure:  JACKtf 
Insulation:  tl*  n ~ 


: 1C,10 <■>  r)'1  C prfi'7  0‘s 


_Ft.  Straight  Shell: 


Ft. 


r\J  t KO 


jjsig  Design  Temperature: 
Volume : 


4 L 


°F. 


Cu.  Ft. 


PROPERTIES  OF  CONTENTS 


CK  - 


dv- 


I.  r> 


0/cu.ft. 


Fluid  W£T£  < 

h - BTU/Hr/Sq.Ft.  K^  - 

p ■ i?r» psig  P^  ” ias  psia  T “ 7 a a 


0 


Lv  “ 


BTU/Hr . 


BTU/#  M 


n 


_gpm 


CALCULATIONS 


1.  Wetted  surface  (Horizontal) 

(Vertical) 


S - it  D(.*D  + . 67L) 
S - ir  D(.25D  + L) 


_sq.  ft. 


i£L 


_sq.  ft. 


2.  Heat  input  rate  “ H 


Fire  Conditions 
P^  - 1.2  x Design  Press.  P^ 

BTU/hr.  Q ,-s  v f rp  ' / - 


Heater  Duty 

1.1  x Design  Press. 


"•  n 


3.  Total  heat  input  rate 
Q - H + JL' 


4.  Vapor  generation  rate 


Q/ly 


S.  Vapor  displacement  rate 
W2  - 8.02VDv 


6.  Total  discharge  rate 
W * Wi  + w2 

W 

7.  Steam:  A*  ■ 


BTU/hr. 

0/hr. 

H hr. 
#/hr . 


it-  t f r\ 


0 


- SOP^h 


8 


. Other  _ W / ZT 

Vapors:  CKPl  / m 


sq . in . 
sq.in. 


.0  ! <. 


SCFM/ZTM 


9.  Gases  A*  _ 

by  volume:  6.32CKP 


sq.in. 


(SCFM  0 14.7  psia  and  60®F) 
10.  Relief  valve  size  required: 


f\  i 


' .1 


Selected: 


*I£  ASME  Code  applies,  divide  A by  0.90. 


-17- 

■— T "1*1  U1^1 


INSTRUMENT  WORK  SHEET  NO.  9.1 


(See  Engineering  Procedure  No.  20) 


RELIEF  VALVE  CALCULATION  CONTRACT  NO.:  ?J7J_T 

GAS  OR  VAPOR  ITEM  NO. : - M 

* . • ■ FLOW  SHEET  NO.:  

(See  Engineering  Procedure  No.  20)  MADE  BY:  t r~  DATE:  H - m - n 

CHECKED  BY:  DATE:  

BASIS  OF  SIZING:  Critical  Velocity  £>h<et  z04  Z 

t|A.G  Exposure  To  >A/ir  e f PlLLfP  v/ 1 Ti!  WATER, 

GENERAL 

Vessel  Item  Number  & Description:  T (,  ? 0 R - T f* c / ( > 0 iW 

Vessel  Dimensions:  Dla. : 1 S Ft.  Straight  Shell:  > 't Ft. 

Design  Pressure:  JfirKtt  . psig  Design  Temperature:  - i 1 °F. 

Insulation:  — . Volume:  Cu.  Ft. 


Fluid  '±1^2 

h - 

P “ i 

Z - 


PROPERTIES  OF  CONTENTS 

CK  ■ . d„  “ #/ cu.ft.  E ■ Q 

BTU/Hr/Sq.Ft.  Kgh  - ■ O L..  - V 'J , ? BTU/ff  M 

jpslg  PL  - 1 1 f psia  T - R ~ r> 

CALCULATIONS 


Cu.  Ft. 


BTU/Hr. 


1.  Wetted  surface  (Horizontal)  S ■ it  D(*AD  + .67L)  - 

(Vertical)  S ■ if  D(.25D  + L)  • 


2.  Heat  input  rate  - H 

3.  Total  heat  input  rate 
Q - H + E 

4.  Vapor  generation  rate 
»i  - Q/Ly 

5.  Vapor  displacement  rate 
W2  - 8.02VDv 

6.  Total  discharge  rate 
W «.  Wi  + w2 

W 

7.  Steam:  A*  - . 


Fire  Conditions 
Pi  * 1.2  x Design  Press. 

BTU/hr.  P.t  >(  IT 


sq.  ft. 

> sq . ft. 

Heater  Duty 

1.1  x Design  Press. 


* SOPiKsh 


8.  Other 
Vapors : 


9.  Gases  ' »*  m SCFM/ZTM 

by  volume:  6.32CKP 

(SCFM  @ 14.7  psia  and  60*F) 


BTU/hr. 


0/  hr. 


#/hr. 


#/hr. 


sq.in. 
sq . in . 


sq.in. 


'A 


l r 


10.  Relief  valve  size  required:  -_£i 

*I£  ASMS  Code  applies,  divide  A by  0.90. 


Selected: 


19- 


INSTRUMENT  WORK  SHEET  NO.  9.1 


k 


RELIEF  VALVE  CALCULATION 
GAS  OR  VAPOR 


CONTRACT  NO.:  7 7*  n 
ITEM  NO. : r - * ’ 


(See  Engineering  Procedure  No.  20) 


FLOW  SHEET  NO.: 
MADE  BY: 


I I 


• 1 1 


DATE:  •*-  7T  77 

CHECKED  BY:  — DATE:  r ' '!  ' , 

. . . — t — r— ^ 


l BASIS  OF  SIZING:  Critical  Velocity  , f C C/CpWft  JA(;<<TJ7\l  0f  v.,-*  ;/ 

\ Vaaeal  T rum  MtvmKdP  £ Hae/'r-fpip^rtn  • ^ ^ ^ 1 ^ 


V Vessel  Item  Number  & Description: 


r.*N . 


v 


T 


Vessel  Dimensions:  Dia. : 


Design  Pressure:  \tSJ0L 
Insulation: 


r 


i 


_Ft.  Straight  Shell: 


Ft. 


_psig  Design  Temperature: 
Volume:  ' 1'-l 


I A 


’F. 


Cu.  Ft. 


PROPERTIES  OF  CONTENTS 


CK 


dv  - 


Fluid  ' • ■ ~ r !: 

h - BTU/Hr/Sq.Ft.  Ksh  - 

p ■ : a psig  P^  **  ' **  T psia  T 


If/ cu.ft.  E 

iLv- 


BTU/Hr . 


BTU/#  M 


R 


gpm 


Lv  - HTAT  (Jf  Vtnf-llAlkfJ  C(-  = '/"‘V* 


CALCULATIONS 


1.  Wetted  surface  (Horizontal)  S • ir  D(*4D  + .67L)  « 

(Vertical)  S - v D(.25D  + L) 


i-  r r- ! 


jsq.  ft. 
_sq.  ft. 


” f ! - ' ( 1 * 

Fire  Conditions  Heater  Duty 

P^  * 1.2  x Design  Press.  P^  ■ 1.1  x Design  Press. 


2. 

Heat  input  rate  ■ H 

BTU/hr 

3. 

Total  heat  input  rate 

Q - H + E 

BTU/hr 

4. 

Vapor  generation  rate 

M1  - Q/Lv 

#/hr. 

5. 

Vapor  displacement  rate 

W2  - 8.02VDy 

0/  hr. 

6. 

Total  discharge  rate 
tf  i Wi  + w2 

#/  hr. 

7. 

Steam:  A*J*  50?^ 

sq.in. 

8. 

Other  W / ZT 

Vapors:  / m 

sq. in. 

9. 

Gases  * A*  - SCFM/ZTM 

by  volume:  6.32CKP 

sq.in. 

(SCFM  9 14.7  psia  and  60®F) 

10. 

Relief  valve  size  required: 

r>.  y i : 7"t.  H 


i ( ! I i ; 


l ('  : 


Selected: 


*I£  ASMS  Code  applies,  divide  A by  0.90. 


a 


DRAVO  CORPORATION  • CHEMICAL  PLANTS.  OIV.  • PITTSBURGH.  PA.  CALCULATION 


SUBJECT ! CONTRACT  NO 

' FLOW  SHEET  NO.  I|U 
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INSTRUMENT  WORK  SHEET  NO.  9.1 


CONTRACT  NO.:  - 
ITEM  NO. : f'7-'  7 


FLOW  SHEET  NO.: 
MADE  BY:  ^ i'  -r 


RELIEF  VALVE  CALCULATION 
GAS  OR  VAPOR 

(See  Engineering  Procedure  No.  20)  

CHECKED  BY: 

BASIS  OF  SIZING:  Critical  Velocity  EXPO^P-t 

GENERAL 

Vessel  Item  Number  & Description:  ? T *7  > ^ 


-1/U 


DATE: 

DATE: 


-!•  / 77 


l of 


r r.  f.  pf  / » 


' y vr  r 


Vessel  Dimensions:  Dia. : 
Design  Pressure:  f 7 1 2 r~> 
Insulation: 


t r 


I 


_Ft.  Straight  Shell:  

_psig  Design  Temperature: 
Volume: 


Ft. 


■f. 


Cu.  Ft. 


CAiZ  • 

^$1  Fvlu 
Fluid  ) r ” - ^ CK 

h “ 


PROPERTIES  OF  CONTENTS 


dv  - 


P * 
Z - 


7 0 


w(F 


i >> 


BTU/Hr/Sq. Ft.  K^  « 

psig  P^  - r Q psia  T 


///cu.ft.  E 

~Lv  - 


0 


BTU/#  M 


_BTU/Hr . 

< 7 ■ 


'>  i n 


gpm 


CALCULATIONS 


1.  Wetted  surface  (Horizontal)  S - ir  D(«^D  + -67L)  * 

(Vertical)  S - it  D(*25D  + L)  • 


Z '7 


_sq . f t . 
jsq . ft. 


2.  Heat  input  rate  ■ H 

3.  Total  heat  input  rate 
Q - H + E 

4.  Vapor  generation  rate 

W1  “ Q/Lv 

5.  Vapor  displacement  rate 
W2  - 8.02VDv 


6.  Total  discharge  rate 
W Wi  + W2 

W 

SOPiKah 

8.  Other 


Fire  Conditions 
P^  - 1.2  x Design  Press. 

BTU/hr.  flM-',  ^7  " 

BTU/hr.  * f"  ''r 


Heater  Duty 
- 1.1  x Design  Press. 


vtf  •:  ‘til' 


7.  Steam:  A* 


9. 


Other  _ W / ZT 

Vapors:  CKPi  / m 

Gases  ' ^ m SCFM/ZTM 

by  volume:  6.32CKP 


tf/hr. 

#/hr. 

#/hr. 

sq. in. 
sq. in. 

sq. in. 


* *\ 


■ o 


I . 


(SCFM  @ 14.7  psia  and  60*F) 

10.  Relief  valve  size  required:  E , 0 , 1 • * 


1 ’ xZ 


y 

Selected: 


•If  ASME  Code  applies,  divide  A by  0.90 
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DflAVO  CORPORATION  • CHEMICAL  PLANTS.  OIV.  • PITTSBURGH.  PA.  CALCULATION 


SUBJECT : ! CONTRACT  NO.  _ 

FLOW  SHEET  NO. 


__  ARF  A NO. 

MADE  HV 

. DATE  hi  ; 

f 7 

fV  ; 

ITEM  NO. 

CHECKEO  BY 

//'  • 

DATE  ' 

-■  / ' 

DRAWING  NO.  _ . 

APPROVED  BY 

APPROVED  BY 

DATF 

□ ATE 

t 

PAGE 

op  3 

INSTRUMENT  WORK  SHEET  NO.  9.1 


RELIEF  VALVE  CALCULATION  CONTRACT  NO.:  7 7 ? ^ 

GAS  OR  VAPOR  ITEM  NO. : - • ?> 

‘ ' FLOW  SHEET  NO.:  1 • ■ 7 o 7 

(See  Engineering  Procedure  No.  20)  MADE  BY:  * DATE: 

CHECKED  BY:  DATE:  

BASIS  OF  SIZING:  Critical  Velocity , ftfbSl/ |(.f 


(See  Engineering  Procedure  No.  20) 


S.k~*r\  1>  ‘4  ^ 


GENERAL 


Vessel  Item  Number  & Description:  1 7 ^ r ■»<  * "•*  ' - 

Vessel  Dimensions:  Dia. : *•'  Ft.  Straight  Shell:  > I /- Ft. 

Design  Pressure:  ~ | 0 ->  1 C / psig  Design  Temperature:  t 7 '» °F. 

Insulation:  t •-  S - Volume:  Cu.  Ft. 

PROPERTIES  OF  CONTENTS 


Fluid  ' CK  - 71  d„  - 

h - BTU/Hr/Sq.Ft.  Kgh  - 

p • 1 < psig  Px  - f ^ > psia  T - 

Z - • <7  I r\ 


9 / cu.  ft • E - r2 BTU/Hr. 

JLy  - ■ y- BTU /It  M - 21— Li—: 

BR  V - f ■ " gpm 


CALCULATIONS 


1.  Wetted  surface  (Horizontal)  S ■ w D(>4D  + .67L) 

(Vertical)  S « ir  D(.25D  + L) 


_sq.  ft. 
_sq . ft. 


2.  Heat  input  rate  • H 


Fire  Conditions 


Heater  Duty 


P^  • 1.2  x Design  Press.  Pj_  ■ 1.1  x Design  Press. 
BTU/hr.  a,-.  * - -r  ~-;p.  ■ 


3.  Total  heat  input  rate 
Q - H +.E 


BTU/hr. 


4.  Vapor  generation  rate 
"l  - Q/Ly 

3.  Vapor  displacement  rate 
W2  - 8.02VDy 

6.  Total  discharge  race 
W - Wi  + W2 


#/hr. 


tf/hr. 


#/hr. 


7.  Steam:  A*_» 


SOPi^sh 


8.  Ocher  „ _ W /Tf 

Vapors:  CKPi  / m 

9.  Gases  ' _ SCFM/ZTM 


9.  Gases  ' **  m SCFM/ZTM 

by  volume:  6.32CKP 

(SCFM  9 14.7  paia  and  60*F) 


sq.in. 
sq. in. 


sq.in. 


10.  Relief  valve  size  required:  ^ . 0 r-r'"i 


< i > 


Selected: 


I .. 


*X£  ASME  Code  applies,  divide  A by  0.90. 


DRAVO  CORPORATION  • CHEMICAL  PLANTS.  DIV.  • PITTSBURGH.  PA.  CALCULATION 


r 


SUBJECT. 


MAOS  av  !'~| 
CHECKED  BY_ 
APPROVED  BY. 
APPROVED  BY. 


.DATE_1__U/ 
. DATE  < 7 7 


CONTRACT  NO 

FLOW  SHEET  NO.. 

AREA  NO 

ITEM  NO.  ' / 

DRAWING  NO 


& ZF-£I 


PAGE  ' OF 


iJMJtVi -Jim...  Z 


Pt£(6/)  Co 0 £ *T  lo.'K  * t '/  ^ ^ / 

~~  h 

1.4  -- 

*1?  f—T'  £kr?  ....  .._F<-_^lN6  . - >H  *”$  = '<  r’fl/i  / 


L r 


Kicrvjzit  ✓ 


S.-  'aCJTlV  5^Wa^,fLc^=:,J,66l!p1  j-TpH  - K.  } /;  ' 


Q,  r r-.rr  :;-pt  o,?  < •>  ’ > p: * =-  pi,  . -ip.. 

,:r 

L * VUAT  of-  '/r$>-?jZyjTlQf'J  ^ ’Ho^T'J  *?>  /.  v.  «•< 


VV  - rw-1;  - fj 


A"  ORiricc  /wica  - y a/tz7.  - 

* CXJTT 


f.i:i-rApJE  Lpl.3_,.T’  /£o’F  - 6:r\  . 

% 

f I oK  tf  i cc  / j P y 


T - ' M 

( L T ! V/V 


'N  i * . -» *t  > r 

/ * * / < . i ) 


!'  - 


INSTRUMENT  WORK  SHEET  NO.  9.1 


RELIEF  VALVE  CALCULATION  CONTRACT  NO.:  _ 

GAS  OR  VAPOR  ITEM  N0<  : — — i 

i ' FLOW  SHEET  NO. 

(See  Engineering  Procedure  No.  20)  MADE  BY:  1 * 2. 

CHECKED  BY:  

BASIS  OF  SIZING:  Critical  Velocity , 


(See  Engineering  Procedure  No.  20) 


y~ni  ' 

7 7 

• 1 ■ ' ; n I 

DATE: 

DATE:  


GENERAL 


ici'i'i  Vi  f r r 

Vessel  Item  Number  & Description:  1 v.  1 — 

Vessel  Dimensions:  Dia. : 2 111  - Straight  Shell:  — i — 6 — 

Design  Pressure:  £ f i -r'  psig  Design  Temperature:  _ 

Insulation:  )*v.- Volume:  


PROPERTIES  OF  CONTENTS 


Fluid  CK  - 


h ■ 

P " 

z - U Cf  I 


BTU/Hr/Sq.Ft.  Kgh  - 
psig  Pi  * tJC J 


isia  T - f 7 ^ 


CALCULATIONS 


0/cu.ft.  E 


BTU/it  M - 

V - 


Ft. 

“F. 

Cu.  Ft. 


BTU/Hr . 


1.  Wetted  surface  (Horizontal)  S - * D(-4D  + -67L) 

(Vertical)  S • a D(-25D  + L) 


2.  Heat  input  rate  ■ H 

3.  Total  heat  input  rate 
Q - H + E 

4.  Vapor  generation  rate 


Fire  Conditions 
Pj^  ■ 1.2  x Design  Press. 

BTU/hr 0 ’■  x r 7 - A „ 

BTU/hr.  ' ^ ^ ^ 


0/  hr. 


_sq.  ft. 

T jsq . ft. 

Heater  Duty 

1.1  x Design  Press. 


5.  Vapor  displacement  rate  #/hr. 

W2  - 8.02VDv 

6.  Total  discharge  rate  #/hr. 

W - Wj.  + W2 

7.  Steam:  A*_-  5^^  sq,in- 

8.  Other  .*  m W / ZT  sq.in. 

Vapors:  CKP^  / M 

9.  Gases  ' A*  , SCFM/ZTM_  sq.in. 

by  volume:  6.32CKP 

(SCFM  @ 14.7  psia  and  60®F) 

10.  Ralief  valve  size  required:  F n n r 
*lt  ASMS  Code  applies,  divide  A by  0.90. 


Selected: 


INSTRUMENT  WORK  SHEET  NO.  9.1 


RELIEF  VALVE  CALCULATION 
GAS  OR  VAPOR 

(See  Engineering  Procedure  No.  20) 


CONTRACT  NO.:  - ■ ; 

ITEM  NO.:  ’ , - " ’ 

FLOW  SHEET  NO.:  - 

MADE  BY:  f ' ’ DATE:  'yT 

CHECKED  BY:  t"'  DATE:  s-i  - 7 > 


'.+>  4 / 


BASIS  OF  SIZING: 


Critical  Velocity  f ti'-i  ,»C  ^ i 

r-w  1 i i V -i  k ; (fui  l.  lg'7n ) 


GENERAL 


. Vessel  Item  Number  & Description:  _ 
^Vessel  Dimensions:  Dia. : f • 

' Design  Pressure:  

Insulation : 


* - 

* ’■  » / 


_Ft.  Straight  Shell:  • 

_psig  Design  Temperature: 
Volume: 


v/'d)7  '.r\  \ 


PROPERTIES  OF  CONTENTS 


Fluid 
h - _ 
P “ _ 

Z - 


CK  - d„  - 0/cu.ft.  E - 

_BTU/Hr/Sq.Ft.  K,,h  - - " ( 

psig  P^  - ’ " ' psia  T - * !.  f-  "li  T 


BTU /it  M 


Cu.  Ft. 


BTU/Hr . 


^vtdU  pi,vuis**m  ro.  i . t(  ' /v  ’7 

V CALCULATIONS 

1.  Wetted  surface  (Horizontal)  S ■ n D(-4D  + .67L)  > 

(Vertical)  S ■ it  D(.25D  + L)  * 


_sq.  ft. 
_sq . ft.  / 


2.  Heat  input  rate  ■ H 

3.  Total  heat  input  rate 
Q - H + E 

4.  Vapor  generation  rate 

W1  " Q/Ly 

5.  Vapor  displacement  rate 
W2  - 8.02VDv 

6.  Total  discharge  rate 
W * Wi  + W2 

7.  Steam:  A*.-^ 

8.  Other  _ W / ZT 

Vapors:  (XIl  / m 

9.  Gases  * m SCFM/ZTM 

by  volume:  6.32CKP 

(SCFM  <*  14.7  psia  and  60*F) 

10.  Relief  valve  size  required: 


Fire  Conditions  Heater  Duty 

Pi  ■ 1.2  x Design  Press.  - 1.1  x Design  Press. 

BTU/hr.  •'  7'  / 

BTU/hr.  ^ 


9/ hr. 


f/hr. 


sq.ln. 
sq. in. 


sq.in. 


^ t.  S 


Selected 


*3  ‘ > •)  • ' c 


*If  ASME  Code  applies,  divide  A by  0.90. 


I ■f  i 1 


i ii  1 1 ii  mviisw«i.>wwinuwmw»emi 


r 


INSTRUMENT  WORK  SHEET  NO.  9.1 


y 


CONTRACT  NO. : 
ITEM  NO. : 


V *7^ 


FLOW  SHEET  NO.:  ' 
MADE  BY:  K i*  ' 


DATE:  “ 


RELIEF  VALVE  CALCULATION 
CAS  OR  VAPOR 

* 

(See  Engineering  Procedure  No.  20) 

CHECKED  BY*  7/ ‘ DATE: 

BASIS  OF  SIZING:  Critical  Velocity  f-  j R ^ j.  C 

t r*  U/.*.li'r7  1 v > i’;ft  ! t>'i  L*s  C * ' 

r ' ’ GENERAL 

Vessel  Item  Number  & Description:  ’-1*  ? A > ‘ ■ " ' ’ r ' » ' ‘ " ( 


S b-9.4 


.'S'  n J 


1 1 


^ Vessel  Dimensions:  Dla. 


i /. 


i 


Design  Pressure: 
Insulation : 


_Ft.  Straight  Shell:  

_psig  Design  Temperature: 
Volume: 


Ft. 

*F 


± l.  Cr,<:Vi 


Cu.  Ft. 


Fluid 
h - 

P " __1 

Z - 


CK 


_BTU/Hr/Sq.Ft.  K^  - 

_psig  Pj^  - y ! 1 ' psia  T 


PROPERTIES  OF  CONTENTS 
d.  

r f'  / 


0/cu.ft.  E 

:w- 


BTU/Hr. 


BTU/ It  M 


gpm 


CALCULATIONS 

1.  Wetted  surface  (Horizontal)  S - u D(»4D  + .67L)  » 

(Vertical)  S ■ ir  D(.25D  + L)  ■ 


_sq . f t . 
_sq.  f t . 


2.  Heat  input  rate  « H 

3.  Total  heat  input  rate 
Q - H + E 

4.  Vapor  generation  rate 
wi  - 

5.  Vapor  displacement  rate 
W2  - 8.02VDv 

6.  Total  discharge  rate 
UtWi+W2 

7.  Steam:  A*^-  sop^j, 


8.  Other  m 

Vapors:  A CKP 


Fire  Conditions  Heater  Duty 

Pj_  <•  1.2  x Design  Press.  P^  » 1.1  x Design  Press. 

BTU/hr.  " N " ‘ • ' ^ 

BTU/hr. 


w /rr 

» 


SCFM/ZTM 


9.  Gases  * . 

by  volume:  6.32CKP 

(SCFM  9 14.7  psia  and  60*F) 

10.  Relief  valve  size  required: 


(7/ hr. 

0/hr. 

#/hr. 

sq.in. 
sq. in. 

sq. in. 

r^\°i 


r L 


( : r' 


'A  f 


! A 


i ✓ 


Selected: 


■ ; / i‘ 


rH.-fJ. 

i 


*I£  ASME  Code  applies,  divide  A by  0.90 


-33- 


subject 


CONTRACT  NO.  _ 
FLOW  SHEET  NO. 


INSTRUMENT  WORK  SHEET  NO.  9.1 


RELIEF  VALVE  CALCULATION  CONTRACT  NO.:  17^1 

GAS  OR  VAPOR  ITEM  NO. : PW-uf  ] 

«'  ' FLOW  SHEET  NO. : 1 1\  -7  ->u  ■ 1 

(See  Engineering  Procedure  No.  20)  MADE  BY:  £_fT  DATE:  M-i  <,-"7 

CHECKED  BY:  DATE:  • - 

BASIS  OF  SIZING:  Critical  Velocity  fxi’USUf^  „ j 

GENERAL 


Vessel  Item  Number  & Description:  V,  Z-01  ~ / 'T  'Mir  T/tl'/  ' 

Vessel  Dimensions:  Dia. : ~ Ft.  Straight  Shell:  J 

Design  Pressure:  ^ psig  Design  Temperature:  ^ 

Insulation:  IJMIr Volume: 


Cu.  FI 


PROPERTIES  OF  CONTENTS 


Fluid  <V-  .T^r)  CK  - '10  ‘ " d 

h - BTU/Hr/Sq. Ft.  Kgh 

p ■ ’ £ psig  P^  - M - 


Dsia  T 


_#/ cu.ft.  E » 
_Ly  - 

. ■,  f- :T^R  T 


0 

BTU/ # M 


CALCULATIONS 


■(or  Lv  cu-t  M /ai^5  fffj'.Q' 
>'i!  Cul*-*-**  '-7-77. 


1.  Wetted  surface  (Horizontal)  S - it  d(-4D  + : 67L) 

(Vertical)  S - n D(.25D  + L) 


_sq.  ft.j 
jsq.  ft.| 


2.  Heat  input  rate  ■ H 

3.  Total  heat  input  rate 
Q - H + £ 


Fire  Conditions  Heater  Duty 

P^  “ 1.2  x Design  Press.  P^  ■ 1.1  x Design  Pr« 

w ■■•'•ft  <S. 


BTU/hr . 
BTU/hr . 


/.  o.  • ■ ; '■> 


4.  Vapor  generation  rate 
W1  “ 

5.  Vapor  displacement  race 
W2  - 8.02VDy 

6.  Total  discharge  rate 
W - Vi  + W2 


0/hr. 


ilf/hr. 


#/hr. 


7.  Steam:  A*  -35^ 

8.  Other  _ W f ZT 

Vapors:  CKPi  / m 

9.  Gases'  A*  , SCFMi/zTM 

by  volume:  6.32CKP 

(SCFM  <3  14.7  psia  and  60*F) 


10.  Relief  valve  size  required: 


sq. in. 
sq. in. 


sq.in. 


( 1 / - 1 


Selected: 


*If  ASMS  Code  applies,  divide  A by  0.90. 


r • 


INSTRUMENT  WORK  SHEET  NO.  9.1 


RELIEF  VALVE  CALCULATION 
GAS  OR  VAPOR 


CONTRACT  NO.:  7 73^ 


ITEM  NO. : P 7-  u H 


(See  Engineering  Procedure  No.  20) 

BASIS  OF  SIZING:  Critical  Velocity  £*roCt/|(E 

GENERAL 


FLOW  SHEET  NO.: 
MADE  BY: 


H -l  <)-! 


CHECKED  BY: 


DATE:  l-lt-V 
DATE:  r ■'  • 1 


Vessel  Item  Number  & Description:  1S7S^  n /‘fll1.*/ ''r  t yJc  Q1  ££  'rfj  - 

Vessel  Dimensions:  Dia. : 7 • Ft.  Straight  Shell:  ? - Ft. 

Design  Pressure:  IT  

Insulation:  


_psig  Design  Temperature: 
Volume: 


#F. 


M rT(: i>«4i'AcvrWr 

Fluid  CK  - 

h - 

P ** 


PROPERTIES  OF  CONTENTS 


dv  - 


BTU/Hr/Sq.Ft.  K«,h  - 


Z - ' ■ 


psig  Pj^  - 


J/ cu.ft.  E 
j*V  " 


Cu.  Ft. 


BTU/Hr . 


BTU/#  M 
" C_ 


_gpm 


jpsia  T ■ N(,  u1  R V ■ __ 

$ f f p<; y - a 5 r/  ir  ij l/st>oaJ  f d / 
CALCULATIONS  Lv  yjwfl  jW  V.'lvI)  . 


1.  Wetted  surface  (Horizontal)  S ■, w D(*^D  + -67L)  - 

(Vertical)  S « n D(.25D  + L)  ■ 


_sq.  ft. 
_sq . ft. 


2.  Heat  input  rate  * H 

3.  Total  heat  input  rate 
Q - H + E 

A.  Vapor  generation  rate 

W1  * Q'Lv 

3.  Vapor  displacement  rate 
W2  - 8.02VDv 

6.  Total  discharge  rate 
W - Wi  + W2 

7.  Steam:  A*_-  35?^ 


Fire  Conditions  Heater  Duty 

P^  » 1.2  x Design  Press.  - 1.1  x Design  Press. 

BTU/hr.  ft  W 7. 30  0^->  

BTU/hr . 'U<  .)D0 


8.  Other 
Vapors : 


A* 


9.  Gases'  A*  . 

by  volume:  6.32CKP 

(SCFM  <3  14. 7 psia  and  60°F) 

10.  Relief  valve  size  required: 


tf /hr . 

#/hr. 

#/hr. 

sq.ln. 
sq. in. 

sq.ln. 


-Lii. 


1 C ft 


!).  0.  if  r 


y 


Selected: 


•If  ASME  Code  applies,  divide  A by  0.90. 
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SUBJECT  1 

{■  |i.  Tc/  vl*  'V  ~jVl  C 


MAOE  BY !_ 

CHECKED  BY_ 


. DATE  J * ' 7 2 
. DATE  1 1 ° 


CONTRACT  NO.. 
FLOW  SHEET  NO 

AREA  NO. 

ITEM  NO. 

ORAWING  NO. 


aauatM£&&Td 


APPROVED  BY. 
APPROVED  BY. 


J.  4 -I  -°tP  - - r ‘ i 

L_J_Li-  i 1 ' 1 ! ! cr\hl: 

i !P>Fuoui^G:  file  turtle  «■  1 ^ 


L - H ' 
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-U  4- 


MCTVAA/OL-AccnUC  i I ’ : , 

' ^ *■  oF  ^^(2/71^  = 7 ?£, ^ £?,(/6V 

_ ( * ? 6 'Z J_t  2_( « C ;{*}■  S £ L 1 L2o  I LJ  _ ^ _ 


1 LJ  - o 

~ 7 ~ "7^‘ 

pSV  <>12/^6 


150-  us//f£. 


• /T- ‘ JAJ_  'U  z 

" - ■ - ~c;?{  -;y 


— 


/t  7 0'.7*  H : 

_LL  : ; J .J  J_.l"  j 

C ortt C5  - OJ^O>  M.1 


u; 

I3,  *■  1?." 

T - w&'f-/ 
Mu;-  'Hi.  if  S 
2,  = O. 
c\  - -i  I Z 


! use  » / 4 ' 2 1 * r<*  ofuFtcz  (\$*  £<£.  ^ 

& «,itc  #SC  4 O ~ r.7 fV/1  <7  ,r  r‘^;  s>*' 


H £ fi  - £ 0 £ 


rc  /«  c 


INSTRUMENT  WORK  SHEET  NO.  9.1 


RELIEF  VALVE  CALCULATION 
CAS  OR  VAPOR 

(See  Engineering  Procedure  No.  20) 

BASIS  OF  SIZING:  Critical  Velocity  , (.'{£ 


CONTRACT  NO.:  Z7  1 £ 

ITEM  NO. : * /-  

FLOW  SHEET  NO.:  I' - •' 

MADE  BY:  f DATE:  U-  7^ 

CHECKED  BY : . 7A  ' ■ DATE:  i : ; 


GENERAL 

Vessel  Item  Number  & Description:  ■''?  v/  [/?  r'- ! ' 

Vessel  Dimensions:  Dia. : ?-  ' • Ft.  Straight  Shell:  V_2_  • Ft. 

Design  Pressure:  |<  psig  Design  Temperature:  ®F. 

Insulation:  Volume:  Cu.  Ft. 


PROPERTIES  OF  CONTENTS 


Fluid  -Tv/ CK  - d„  - 0/cu.ft.  E - 3 ' BTU/Hr. 

h - BTU/Hr/Sq.Ft.  Kgh  - Ly  - ■ C BTU/tf  M - > 

p ■ ! ~ - psig  P^  « psla  T " fe  r,  T °R  V - 0 gpm 

Z • -rr  : rs 


CALCULATIONS 


1.  Wetted  surface  (Horizontal)  S - it  D(-^D  + .67L)  - 

(Vertical)  S • it  D(.25D  + L)  » 


_sq.  ft. 
_sq.  ft. 


2.  Heat  input  rate  * H 

3.  Total  heat  input  rate 
Q - H + E 


Fire  Conditions 
P^  ■ 1.2  x Design  Press. 


Heater  Duty 

1.1  x Design  Press. 


BTU/hr.  £ ' v -1 
BTU/hr. 


w r 


4.  Vapor  generation  rate  tf/hr.  7 1 " 

M1  " Q/Ly 

5.  Vapor  displacement  rate  tf/hr.  

W2  « 8.02VDv 

6.  Total  discharge  rate  tf/hr.  - ' ' v 

W - Wi  + W2 

7.  Steam:  A*_-  5^^  

8.  Other  m W / ZT  sq.in.  ' ; 

Vapors:  CKPX  / M 

9.  Gases  - A*  . SCFM/ZTM  sq.in.  

by  volume:  6.32CKP  ' * 

(SCFM  9 14.7  psia  and  60*F) 

r . - . \ s 

10.  Relief  valve  size  required:  ^ n ~ Selected: 


*I£  ASME  Code  applies,  divide  A by  0.90 


i ” 
* 

i r 


INSTRUMENT  WORK  SHEET  NO.  9.1 


RELIEF  VALVE  CALCULATION 
GAS  OR  VAPOR 

(See  Engineering  Procedure  No.  20) 

BASIS  OF  SIZING:  Critical  Velocity,  f-  f 5 


CONTRACT  NO. : 

ITEM  NO. : r 

FLOW  SHEET  NO . 
MADE  BY:  ' 
CHECKED  BY : 


DATE: 

DATE: 


Vessel  Item  Number  & Description: 
Vessel  Dimensions:  Dia. : - 

Design  Pressure:  

Insulation:  " ' ’ ' 


GENERAL 

'1 1 t ! • .v’/r  ■•»-  r -/;/■.> 

Ft.  Straight  Shell:  ~ ' ~ > 

psig  Design  Temperature:  - 1 3 

Volume: 


PROPERTIES  OF  CONTENTS 


Fluid  -,.st  lb  CK  - d 

h - BTU/Hr/Sq.Ft.  K^ 

P “ 'K psig  Px  - '•  ~ 

z - ' r > 


psia  T ■ 


If/ cu.ft.  E 
- *R 


BTU/#  M 


Ft. 

°F. 

Cu.  Ft. 


BTU/Hr . 


CALCULATIONS 


1.  Wetted  surface  (Horizontal)  S ■ it  D(.4D  + .67L) 

(Vertical)  S - it  D(.25D  + L) 


_sq.  ft. 
_sq.  ft.- 


Fire  Conditions 


Heater  Duty 


2.  Heat  input  rate  • H 

3.  Total  heat  input  rate 
Q - H + E 

4.  Vapor  generation  rate 
W1  * Q/Lv 

5.  Vapor  displacement  rate 
W2  - 8.02VDv 

6.  Total  discharge  rate 

W - Wi  + w2 

7.  Steam:  A*_* 

8.  Other  m W /~ZT 

Vapors:  “ CKP]>  / M 

9.  Gases  * A*  . SCFM/ztM 

by  volume:  6.32CKP 

(SCFM  9 14.7  psia  and  60#F) 


P^  ■ 1.2  x Design  Press.  Pj^  » 1.1  x Design  Press. 

BTU/hr.  0-'  v Li?  : 

BTU/hr . ’ ~ 

If/  hr.  1 v 

If/ hr.  


0/hr. 


sq. in. 
sq. in. 


sq. in. 


-<  - r 


10.  Relief  valve  size  required:  r 2— — iZ 

*If  ASMS  Code  applies,  divide  A by  0.90. 


Selected: 


\ 

r 

i- 

i 

* 


F 


\ 


* 


J 


’'"I 


■» 


SUBJECT. 


MADE  PV  A » ^ 

DATE 

/-;hEC*F0  av 

/ * 

DATE 

approved  BY 

(.  / ) 

DATE 

approved  by 

DATE 

CONTRACT  NO.  - 
FLOW  SHEET  NO 

AREA  NO 

ITEM  NO 

DRAWING  NO 

PAGE 


P:7-n  g ; m-.  _ r'i.’J 

J/icnj  J-nj-ao.  3f)r : ? 7 * ,c  p^S  9 

J: -!  P5v/'5r  ^ , . .. 

Flow,).'  tv-  " \JHl  }r  ilv  L ; K /-  • V‘  u ' 7 . " 


**/  - t • 


INSTRUMENT  WORK  SHEET  NO.  9.1 


RELIEF  VALVE  CALCULATION  CONTRACT  NO . : 

GAS  OR  VAPOR  ITEM  NO. : ' ' ' 

‘ ■ FLOW  SHEET  NO.  : 

(Sec  Engineering  Procedure  No.  20)  MADE  BY:  ’’  ' ~ 

CHECKED  BY:  

BASIS  OF  SIZING:  Critical  Velocity,  h r 


(See  Engineering  Procedure  No.  20) 


GENERAL 


DATE:  - \2—l 

DATE:  > ■) 


Vessel  Item  Number  & Description: 

Vessel  Dimensions:  Dia. : 

^Design  Pressure:  ! •" 

Insulation:  


_Ft.  Straight  Shell:  

_psig  Design  Temperature: 
Volume: 


Ft. 

®F. 

Cu.  Ft. 


\ 7 

t L 


PROPERTIES  OF  CONTENTS 

* j T ' ♦ 4 • * ^ 

Fluid  ‘ ' . CK  - _dv  - 0/cu.ft.  E - BTU/Hr. 

h - BTU/Hr/Sq.Ft.  Kgh  - Ly  - BTU/#  M - " 

p “ i - psig  P^  ” 1 psia  T • "R  V - gpm 

z * I . ■ ^ ___ — — to  C/u J-;.,  (Vf, 

. , T*  ■•'<(  /*■/«.  3 r ->  7 i'U  :n  ; jm 

^ vilf-  V Is— ^ CALCULATIONS  S»U)  *r,  ?.iuj  : / ' tr 

1.  Wetted  surface  (Horizontal)  S - it  D(*4D  + .67L)  ■ sq.  ft. 

(Vertical)  S ■ it  D(.25D  + L)  « sq.  ft. 


Fire  Conditions  -Heater-Duty 

P^  ■ 1.2  x Design  Press.  pi  * 1.1  x Design  Press. 


BTU/hr. 

BTU/hr. 


0/hr. 


2.  Heat  input  rate  - H 

3.  Total  heat  input  rate 
Q - H + E 

4.  Vapor  generation  rate 
Vi  - Q/Ly 

5.  Vapor  displacement  rate 
W2  - 8.02VDy 

6.  Total  discharge  rate 
W - Wi  + W2 

7.  Steam:  A*j- 

8.  Other  * _ W AIT 

Vapors:  / m 

9.  Gases  **  „ SCFM/ZTM 

by  volume:  6.32CKP 

(SCFM  9 14.7  psia  and  60#F) 

10.  Relief  valve  size  required: 


*I£  ASMS  Code  applies,  divide  A by  0.90. 


sq.in. 
sq. in. 


sq.in. 


.1  l V- 


- I - 1.3 


i Jin 


Selected: 


45- 


DESIGN  DOCUMENT  LIST 


Document 


I 

I 


9 

t 

i 


Rev 

Title 

Type 

103-201 

2 

BIO  Production 

PFD 

104-201 

2 

NHC  Production 

PFD 

104-202 

2 

NHC  Purification 

PFD 

105-201 

2 

Utilities 

PFD 

106-201 

2 

Waste  Disposal 

PFD 

110-201 

3 

Legend 

EFD 

111-201 

3 

Raw  Material  Storage 

EFD 

111-202 

3 

Raw  Material  Storage  Drums 

EFD 

113-201 

3 

First  Stage  BIO  Production 

EFD 

113-202 

3 

Second  Stage  BIO  Production 

EFD 

113-203 

3 

Third  Stage  BIO  Production 

EFD 

113-204 

3 

BIO  Filtration 

EFD 

113-205 

3 

BIO  Wash  Recovery 

EFD 

114-201 

3 

NHC  Production 

EFD 

114-202 

3 

NHC  Wash  System 

EFD 

114-203 

3 

Pentane  Distillation 

EFD 

114-204 

3 

NHC  Purification 

EFD 

115-201 

3 

Steam 

EFD 

115-202 

3 

Cooling  Water,  Chilled  Water 

EFD 

115-203 

3 

A’r  Nitrogen 

EFD 

116-201 

3 

Process  Drain 

EFD 

116-202 

3 

Incineration 

EFD 

117-201 

0 

Off  Sites 

EFD 

-i- 


I 

I 

l 

! 


I 


9 


I 

I 


DESIGN  DOCUMENT  LIST  (cont.) 


Document 


Rev 

Title 

1X31 

125-201 

3 

Water  and  Steam  Balance 

UFD 

125-202 

3 

Cooling  Water  Balance 

UFD 

125-203 

3 

Air  and  Nitrogen 

UFD 

200-000 

Voided  Site  Work  and  Studies 

200-101 

2 

Plot  Plan 

DWG 

211-101 

1 

TKFarm  Layout  Plan  & Section 

DWG 

211-102 

1 

TKFarm  Layout  Plan  & Section 

DWG 

212-101 

1 

DrumSTG  Layout  Plan  & Section 

DWG 

216-101 

0 

Servrack  Layout  Plan  & Section 

DWG 

216-201 

0 

Servrack  Layout  Section 

DWG 

230-101 

1 

B10  Area  Layout  Plan  - Reactors 

DWG 

230-102 

1 

BIO  Area  Layout  Plan  - Filtration 
and  Recovery 

DWG 

230-103 

1 

BIO  Area  Layout  Plan  - Roof 

DWG 

230-104 

1 

BIO  Area  Layout  - Roof  Plan 

DWG 

230-201 

1 

BIO  Area  Layout  Section 

DWG 

230-202 

1 

BIO  Area  Layout  Section 

DWG 

240-101 

1 

NHC  Area  Layout  Plan  - 1st  Floor 

DWG 

240-102 

1 

NHC  Area  Layout  Plan  - 2nd  Floor 

DWG 

240-103 

1 

NHC  Area  Layout  Plan  - Roof 

DWG 

240-201 

1 

NHC  Area  Layout  Section 

DWG 

240-202 

1 

NHC  Area  Layout  Section 

DWG 

240-203 

1 

NHC  Area  Layout  Section 

DWG 

250-101 

1 

Utility  Layout  Plan 

DWG 

250-201 

1 

Utility  Layout  Section 

DWG 

1 


! 


251-101  0 


CoolTWR  Layout  Plan  and  Section 
-2- 


DWG 


DESIGN  DOCUMENT  LIST  (cont.) 


Document 

Rev 

Title 

260-101 

0 

Incinr  Layout  Plan 

260-201 

Incinr  Layout  Section 

260-202 

Incinr  Layout  Section 

Ml 

1 

General  Spec  for  Mech  Equip. 

EC-B 

BIO  Area 

EC-D 

Drum  Storage 

EC-H 

Change  House 

EC-N 

NHC  Area 

EC-U 

Boi ler  House 

H-1 

0 

HVac  Basic 

H-15 

A 

Mechanical  S/C 

H-15.5 

Env  Control  S/C 

400-001 

A 

Cover  Sheet 

400-002 

A 

Systems  Diagram 

400-003 

A 

Systems  Diagram 

412-001 

A 

Drunstg  Plan  and  Sections 

415-001 

A 

Changers  Plan,  Section  and  Details 

430-001 

A 

BIO  Area  Plan  and  Sections 

430-002 

A 

BIO  Area  Plan  and  Sections 

430-003 

A 

BIO  Area  Plan  and  Sections 

440-001 

A 

NHC  Area  Plan,  Sections  and  Floors 

440-002 

A 

NHC  Area  Plan  and  Sections  - Roof 

440-003 

A 

NHC  Area  Sections  and  Details 

440-004 

A 

NHC  Area  Sections 

-3- 


Document 


DESIGN  DOCUMENT  LIST  (cont.) 


Rev 

Title 

Im. 

450-001 

A 

Utility  Plan,  Section  and  Details 

DWG 

C-01 

0 

Instr  Design  Basis 

SPEC 

C-04 

A 

Prefabricated  Instrument  Panels 

SPEC 

C-10 

0 

Hazard  Spec 

SPEC 

CAL-01 

Relief  Headers 

CALC 

600-001 

0 

IP  1 to  7 

PARGMT 

600-002 

0 

IP  8 and  9 

PARGMT 

600-003 

0 

IP-1  thru  IP-9  Arrgmt  and  Fabr 

PARGMT 

600-004 

A 

Intrinsic  Safety  Barrier  Cabinet 

PARGMT 

610-001 

Installation  Details 

IDTL 

610-002 

Installation  Details 

IDTL 

610-003 

Installation  Details 

IDTL 

610-004 

Installation  Details 

IDTL 

610-005 

Installation  Details 

IDTL 

610-006 

Installation  Details 

IDTL 

610-007 

Installation  Details 

IDTL 

610-008 

Installation  Details 

IDTL 

610-009 

Installation  Details 

IDTL 

610-010 

Installation  Details 

IDTL 

610-099 

1 

Electrical  Instr  Connections 

IDTL 

620-001 

0 

Legend  and  Notes 

I CD 

621-001 

0 

Raw  Material  Storage 

ICD 

621-002 

0 

Raw  Material  Storage  Drums 

ICD 

623-001 

0 

BIO  Production 

ICD 

-4- 
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DESIGN  DOCUMENT  LIST  (cont.) 


Document 

Rev 

Title 

Type 

623-002 

0 

Product  Filter 

I CD 

624-001 

0 

NHC  Production 

ICO 

625-001 

0 

Utilities  Area 

I CD 

626-001 

Waste  Disposal 

ICD 

650-001 

A 

Sheet  1 

PTD 

650-002 

A 

Sheet  2 

PTD 

650-003 

A 

Sheet  3 

PTD 

650-004 

A 

Sheet  4 

PTD 

650-005 

A 

Sheet  5 

PTD 

690-001 

A 

IP-1  thru  IP-7 

PWD 

690-002 

A 

IP-1  thru  IP-7 

PWD 

M7 30-001 

BIO  Area  Model  (Process) 

MODEL 

M7 30-002 

BIO  Area  Model  Reactor  Area 

M740-001 

NHC  Area  Model 

MODEL 

170-000 

Boided  Routing  Dwgs 

170-201 

Steam  and  Cond 

DWG 

170-202 

City  Water  and  Fire  Water 

DWG 

170-203 

Process  Water 

DWG 

170-204 

Chilled  Water 

DWG 

170-205 

Cooling  Water 

DWG 

170-206 

Instrument  Air  and  Breathing  Air 

DWG 

170-207 

Nitrogen 

DWG 

170-208 

Wash  Vent 

DWG 

170-209 

NHC  Vent  and  High  Velocity  Vent 

DWG 

I 


-5- 
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DESIGN  DOCUMENT  LIST  (cont.) 

Document 

Rev 

Title 

1X21 

170-210 

BIO  Vent 

DWG 

700-001 

Mi  sc  Piping  and  General  Notes 

DWG 

710-101 

Yard  Piping  Plan  and  Sect 

DWG 

711-101 

TKFarm  Piping  Plan 

DWG 

711-141 

TKFarm  Piping  Sect 

DWG 

712-101 

Drumstg  Piping  Plan  and  Sect 

DWG 

715-181 

ChangeHS  Plumbing  Plan 

DWG 

715-182 

ChangeHS  Plumbing  Sects 

DWG 

716-101 

ServRack  Piping  Plan  and  Sects 

DWG 

716-102 

ServRack  Piping  Plan  and  Sects 

DWG 

716-103 

ServRack  Piping  Plan  and  Sects 

DWG 

716-104 

ServRack  Piping  Plan  and  Sects 

DWG 

716-105 

ServRack  Piping  Plan  and  Sects 

DWG 

730-101 

BIO  Area  Pipe  Racks  - Piping  Plan 

DWG 

730-102 

BIO  Area  Piping  - Service  Rack  Sects 
and  Dtls 

DWG 

730-201 

BIO  Area  ISO's  (180) 

ISOS 

740-101 

NHC  Area  Pipe  Racks  - Piping  Plan 

DWG 

740-201 

NHC  Area  ISO’s  (180) 

ISOS 

750-101 

Utility  Piping  Plan 

DWG 

750-141 

Utility  Piping  Sect 

DWG 

750-142 

Utility  Piping  Sect 

DWG 

751-101 

CoolTWR  Piping  Plan 

DWG 

760-101 

Incinr  Piping  Plan 

DWG 
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DESIGN  DOCUMENT  LIST  (cont.) 


r 


i 

i 

i 

i 

i 

i 


! 


i 

I: 

t 

t i 


l 


i 


Document 


Rev 

Ti  tie 

Type 

760-102 

Incinr  Piping  Plan 

DWG 

760-141 

Incinr  Piping  Sect 

DWG 

760-142 

Incinr  Piping  Sect 

DWG 

760-143 

Incinr  Incinerator 

DWG 

J-l 

Insulation  Spec 

SPEC 

P-1 

A 

Piping  Materials 

SPEC 

P-2 

A 

Piping  Fabrication 

SPEC 

Q-l 

0 

Plumbing  Spec 

SPEC 

BS-Gl 

0 

Basic  Specification 

SPEC 

G01.001 

Introduction  and  Scope  of  Project 

CONTR  DOC 

GO 1.002 

Instructions  to  Bidders 

CONTR  DOC 

GO  1.003 

General  Conditions 

CONTR  DOC 

GO 1.005 

Bid  Form 

CONTR  DOC 

R04.101 

Concrete  Masonry 

SPEC 

R05.201 

A 

Metal  Roof  Decking 

SPEC 

R07.102 

A 

Area  Ins  - Min  Board  Steel  Deck 

SPEC 

R07.106 

A 

Bldg  Insul  SR  Fgs  US  Mtl  Cone  FM 

SPEC 

R07.204 

1 

Laminated  Membrane  Roofing 

SPEC 

R07.205 

A 

Penetration  Membrane  Roofing 

SPEC 

R07.306 

A 

Prefin  Stl  Siding  and  Roofing 

SPEC 

R07.401 

A 

Sheet  Metal  Flashing 

SPEC 

R07.501 

0 

Elastic  Flashing  - Neoprene 

SPEC 

R07.601 

0 

Gutters  and  Downspouts 

SPEC 

R07.701 

0 

Caulking  and  Sealants 

SPEC 

R08.101 

A 

Hollow  Mtl  Doors  and  Frames  Core  RE 

SPEC 
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Document 


Rev 

Title 

Type 

R08.301 

0 

Overhead  Doors 

SPEC 

R08.501 

Finish  Hardware 

SPEC 

R08.502 

0 

Lock  Cylinders 

SPEC 

R08.601 

A 

Aluminum  Windows  - Projected 

SPEC 

R08.701 

0 

Glass  and  Glazing 

SPEC 

R08.801 

0 

Weatherstripping 

SPEC 

R09.101 

0 

Vinyl  ASB  Tile  Flooring 

SPEC 

R09.103 

0 

Ceramic  Tile  Floors  - Dry  Set 

SPEC 

R09.202 

0 

Prefin  Hdbd  Dry  Wall  System 

SPEC 

R09.603 

B 

Lay-In  Acoustical  Tile  Ceiling 

SPEC 

R09.701 

Painting  - Materials  and  Workmanship 

SPEC 

R09.704 

Painting  - General  Painting 

SPEC 

R09.801 

Fireproofing  Mastic 

SPEC 

D09 . 900 

0 

Equipment  Surface  Prep  and  Priming 

SPEC 

RIO. 102 

0 

Mtl  Toilet  Part  - Flush  FL  MTL  BRC 

SPEC 

RIO. 201 

0 

Lockers  and  Benches 

SPEC 

RIO. 202 

A 

Toilet  Room  Accessories 

SPEC 

RIO. 203 

0 

Metal  Shower  Enclosure 

SPEC 

R1 3.202 

A 

Pre-Fab  Building  Frame 

SPEC 

SC-1 

Special  Conditions 

CONTR  DOC 

S03.101 

0 

Cast-In-Place  Concrete 

SPEC 

S05.101 

A 

Structural  Metal 

SPEC 

S05.102 

0 

Miscellaneous  Metal 

SPEC 

T02.202 

A 

Clearing  and  Grubbing 

SPEC 
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DESIGN  DOCUMENT  LIST  (cont.) 

Document 


Rev 

Title 

T02.301 

A 

Rough  Grading 

T02.303 

A 

Fills  and  Embankments 

T02.304 

A 

Excav  Fill  and  Bkfill  Str 

T02.305 

A 

Excav  Bedng  and  Bkfill  Sewers 

T02.501 

A 

Prep  of  Subgrade 

T02.503 

Dense  Grd  Aggr  Base  Course 

T02.504 

Bitum  Prime  Coat 

T02.506 

Dense  Grd  Hot  Laid  Plant  Mix 

T02.507 

Bitum  Surface  Course 

T02.701 

Finish  Grading 

T02.705 

A 

Steel  Chain  Link  Fence 

800-101 

Project  Door  Schedule 

800-102 

Project  Room  Fin  Sched  and  Cl g Plans 

800-105 

Guardhouse  Plans  and  Elevations 

800-106 

Guardhouse  Sections  and  Details 

810-101 

Yard  Pump  House  Plan  and  Sections 

812-101 

A 

Drumstg  Floor  Plan  and  Roof  Area 

812-131 

A 

Drumstg  Elevations 

815-101 

Changehs  Floor  Plan  and  Roof  Plan 

815-131 

Changehs  Area  Elevations 

815-132 

Changehs  Sections  and  Details 

830-101 

BIO  Area  Floor  Plan  and  Roof  Plan 

830-131 

BIO  Area  Elevations 

830-132 


BIO  Area  Sections  and  Details 
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Document 


Rev 
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830-133 

BIO  Area  Detail  Office  Plan 

DWG 

830-134 

BIO  Area  Stair  Plans,  Sections  and 
Details 

DWG 

830-135 

BIO  Area  Sects  and  Detls 

DWG 

840-101 

NHC  Area  Floor  Plan  and  Roof  Plan 

DWG 

840-131 

NHC  Area  Elevations 

DWG 

840-132 

NHC  Area  Sections  and  Details 

DWG 

840-133 

NHC  Area  Sections  and  Details  SH2 

DWG 

840-134 

NHC  Area  Stair  Plans  and  Sections 

DWG 

840-135 

NHC  Area  Stair  Details 

DWG 

850-101 

A 

Utility  Floor  Plan  and  Roof  Plan 

DWG 

850-131 

A 

Utility  Area  Elevations 

DWG 

850-132 

A 

Utility  Sections  and  Details 

DWG 

C800-221 

Sewer 

CALC 

C800-271 

Roads  and  Paving 

CALC 

C800-281 

Grading 

CALC 

C811-241 

TKFarm  Fdns 

CALC 

C812-601 

Drumstg  Fdn  and  Grade  Slab 

CALC 

C815-601 

Changehs  Foundation 

CALC 

C816-501 

ServRack  Pipe  Rack  Steel 

CALC 

C81 6-901 

ServRack  Pipe  Rack  Fdn 

CALC 

C830-301 

BIO  Area  Roof  Framing 

CALC 

C830-302 

NHC  Area  Roof  Framing 

CALC 

C830-401 

BIO  Area  Misc  Steel 

CALC 
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Document 

Rev 
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Type 

C830-402 

BIO  Area  Superstructure 

CALC 

C830-601 

BIO  Area  Superstructure  Fdn 

CALC 

C830-701 

BIO  Area  Grade  and  Slab  Fdn 

CALC 

C830-801 

BIO  Area  Roof  Slab 

CALC 

C840-301 

NHC  Area  Superstructure 

CALC 

C840-401 

NHC  Area  Platform  Steel 

CALC 

C840-60T 

NHC  Area  Superstructure  Fdn 

CALC 

C840-701 

NHC  Area  Grade  Slab  and  Fdn 

CALC 

C850-601 

Utility  Superstructure  Fdn 

CALC 

C850-701 

Utility  Grade  Slab  and  Fdn 

CALC 

C851-601 

CoolTwr  Design  Fdn 

CALC 

C860-601 

Incinr  Superstructure  Fdns 

CALC 

C860-701 

Incinr  Equip  Fdn  and  Slab 

CALC 

800-000 

Voided  Site  Work  and  Studies 

DWG 

800-215 

Fence  - Plan  and  Sections 

DWG 

800-216 

Plan  of  Facilities  - Block  Plan  #1 

DWG 

800-217 

Plan  of  Facilities  - Block  Plan  #2 

DWG 

800-223 

Process  Sewers  - Plan 

DWG 

800-224 

Process  Sewers  - Sect 

DWG 

800-225 

Sanitary  Sewers  - Plan 

DWG 

800-226 

Sanitary  Sewers  - Sect 

DWG 

800-227 

Sanitary  Sewer  to  Existing  Plant 

DWG 

800-228 

Quench  Wtr  Line  to  Exst  Plnt-Pln 

DWG 
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Document 

Rev 
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Im. 

800-229 

Quench  Wtr  Line  to  Exst  Pint-Set 

DWG 

800-230 

B2  & NG  Line  to  Exist  Plant-Plan 

DWG 

800-231 

B2  & NG  Line  to  Exist  Plant-Sect 

DWG 

800-274 

Roads  and  Paving  Plan 

DWG 

800-275 

Roads  and  Paving  Sections 

DWG 

800-276 

Access  Road  to  Main  Highway-Plan 

DWG 

800-277 

Access  Road  to  Main  Highway-Sect 

DWG 

800-284 

Rough  Grading  Plan 

DWG 

800-285 

Rough  Grading  Plan 

DWG 

800-286 

Rough  Grading  Sections 

DWG 

800-287 

Finish  Grading 

DWG 

800-951 

1 

Handrail  - Stairs  - Grating 

DWG 

800-952 

0 

Ladders  and  Cages 

DWG 

800-953 

0 

General  Notes  and  Mi  sc  Dtls 

DWG 

800-954 

0 

Concrete  Dtls 

DWG 

810-251 

Yard  Details  Sht  #1 

DWG 

810-252 

Yard  Details  Sht  #2 

DWG 

811-243 

TKFarm  Plan 

DWG 

811-244 

TKFarm  Sections 

DWG 

812-602 

Drumstg  Foundation  Plan 

DWG 

813-227 

Electss  Plan  and  Sect 

DWG 

815-601 

ChangeHS  Foundation  Plan 

DWG 

816-501 

ServRack  Plan 

DWG 

816-531 

Servrack  Sects  and  Dtls  #1 

DWG 

816-532 

ServRack  Sects  and  Dtls  #2 

DWG 

816-902 

ServRack  Fdns  - Plan 

DWG 
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DESIGN  DOCUMENT  LIST  (cont.) 


Document 


Rev 

Title 

Type 

816-931 

ServRack  Fdns  - Sects  and  Dtls 

DWG 

830-301 

BIO  Area  Roof  Plan 

DWG 

830-302 

BIO  Area  Second  Floor  Plan 

DWG 

830-331 

BIO  Area  Elevations  Sht  #1 

DWG 

830-332 

BIO  Area  Elevations  Sht  #2 

DWG 

830-401 

BIO  Area  Misc  Platforms  and  Walkways 

DWG 

830-402 

BIO  Area  Stairs  Plan  and  Sections 

DWG 

830-403 

BIO  Area  Misc  Platforms  and  Walkways 

DWG 

830-602 

BIO  Area  Foundation  Plan 

DWG 

830-631 

BIO  Area  Fdns  Sects  and  Dtls 

DWG 

830-701 

BIO  Area  Grade  Slab  and  Equip  Fdns 

Plan 

DWG 

830-731 

BIO  Area  Grade  Slab  and  Sects  and 

Dtls 

DWG 

830-801 

BIO  Area  Roof  Slab 

DWG 

840-301 

NHC  Area  Roof  Plan 

DWG 

840-302 

NHC  Area  Second  Floor  Plan 

DWG 

840-331 

NHC  Area  Elevations  Sht  #1 

DWG 

840-332 

NHC  Area  Elevations  Sht  #2 

DWG 

840-401 

NHC  Area  Misc  Platforms  and  Walkways 

DWG 

840-402 

NHC  Area  Misc  Platforms  and  Walkways 

DWG 

840-602 

NHC  Area  Foundation  Plan 

DWG 

840-631 

NHC  Area  Fdns  - Sects  and  Dtls 

DWG 

840-701 

NHC  Area  Grade  Slab  and  Equip  Fdns 

Pin  and  Sets 

DWG 
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Document 

Rev 
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840-801 

NHC  Area  Roof  Slab 

DWG 

850-602 

Utility  Foundation  Plan 

DWG 

850-631 

Utility  Fdns  - Sects  and  Dtls 

DWG 

850-701 

Utility  Grade  Slab  and  Equip  Fdns 

DWG 

850-731 

Utility  Grade  Slab  - Sects  and  Dtls 

DWG 

851-601 

CoolTWR  Foundation  Plan 

DWG 

860-601 

Incinr  Foundation  Plan 

DWG 

860-631 

Incinr  Fdns  Sects  and  Dtls 

DWG 

860-701 

Incinr  Grade  Slab  Plan 

DWG 

860-731 

Incinr  Grade  Slab  - Sects  and  Dtls 

DWG 

E-l 

0 

Elect  Basic  Spec 

SPEC 

E-2 

A 

Installation  Specs 

SPEC 

ES-14-1 

3 

Power  Standard  Details 

SPEC 

ES-24-1 

3 

Lighting  Standard  Details 

SPEC 

ES-41-1 

4 

Grounding  Standard  Details 

SPEC 

900-SKE001 

Load  Study 

DWG 

900-SKE002 

Heat  Tracing  and  Pole  Line 

CALC 

900-101 

A 

General  Notes  and  Equip  List 

DWG 

900-103 

0 

480V  Unit  Sub-Sta  Specs  Sheet 

DWG 

900-104 

0 

480V  Unit  Data  Sheet 

DWG 

900-105 

A 

MCC  Spec  Sheet 

DWG 

900-106 

A 

Lighting  Panel  and  Fixture  Sch 

DWG 

900-107 

Lighting  Panel  Schedules 

DWG 
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Document 

Rev 

Title 

Type 

900-m 

1 

Master  One  Line  Diag 

DWG 

900-201 

8320V  Dist  Plan 

DWG 

900-202 

8320V  Dist  Plan 

DWG 

900-203 

8320V  Pole  Line  Details 

DWG 

900-204 

8320V  Pole  Line  Details 

DWG 

900-205 

Electric  Heat  Tracing 

DWG 

900-206 

Electric  Heat  Tracing 

DWG 

900-207 

Electric  Heat  Tracing 

DWG 

900-208 

Electric  Heat  Tracing 

DWG 

900-209 

Heat  Tracing  Pnl  Schedule 

DWG 

900-210 

Heat  Tracing  Pnl  Schedule 

DWG 

900-301 

A 

Instrument  One  Line  Diagrams 

DWG 

900-302 

Instrument  One  Line  Diagrams 

DWG 

900-303 

Pkg  Unit  Connect  Dia 

DWG 

900-304 

A 

BIO  Area  Relay  Panel  Conn  Diag 

DWG 

900-305 

A 

BIO  Area  Interconnection  Diag 

DWG 

910-201 

A 

Yard  Distr  Plot  Plan 

DWG 

911-201 

A 

TKFarm  Power  Conti  Ltg  Grd  Plans 

DWG 

912-201 

A 

Drums tg  Pwr,  Cont.  Ltg  and  Grd 

DWG 

913-201 

Electss  Substation  Layout 

DWG 

915-201 

ChangeHS  Pwr.  Conti.  Ltg  and  Grd  Plans 

DWG 

930-111 

0 

BIO  Area  MCC  Single  Line  Diagram 

DWG 

930-112 

0 

BIO  Area  MCC  Single  Line  Diagram 

DWG 

930-131 

A 

BIO  Area  MCC  Arrgt  & Data  Sheet 

DWG 
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Document 


Rev 

Title 

Type 

930-151 

A 

BIO  Area  Elementary  Diagrams 

DWG 

930-201 

A 

BIO  Area  Power  and  Control  - 1st  FI 

DWG 

930-202 

A 

BIO  Area  Power  and  Control  - 1st  FI 

DWG 

930-203 

A 

BIO  Area  Power  and  Control  - 2nd  FI 

DWG 

930-204 

A 

BIO  Area  Power  and  Control  - 2nd  FI 

DWG 

930-205 

A 

BIO  Area  Pwr,  Cont,  Ltg  & Grd  - 
Roof  Plan 

DWG 

930-401 

A 

BIO  Area  Ltg  and  Grd  1st  FI 

DWG 

930-402 

A 

BIO  Area  Ltg  and  Grd  1st  FI 

DWG 

930-403 

A 

BIO  Area  Ltg  and  Grd  2nd  FI 

DWG 

930-404 

A 

BIO  Area  Ltg  and  Grd  2nd  FI 

DWG 

940-111 

0 

NHC  Area  MCC  Single  Line  Diagram 

DWG 

940-112 

0 

NHC  Area  MCC  Single  Line  Diagram 

DWG 

940-131 

A 

NHC  Area  MCC  Arrgt  and  Data  Sheet 

DWG 

940-151 

A 

NHC  Area  Elementary  Diagrams 

DWG 

940-152 

A 

NHC  Area  Elementary  Diagrams 

DWG 

940-201 

A 

NHC  Area  Power  and  Control  1st  FI 

DWG 

940-202 

A 

NHC  Area  Power  and  Control  1st  FI 

DWG 

940-203 

A 

NHC  Area  Roof  - Pwr,  Cont  Ltg  and  Grd 

DWG 

940-401 

A 

NHC  Area  1st  FI  Ltg  and  Grd 

DWG 

940-402 

A 

NHC  Area  2nd  FI  Ltg  and  Ground 

DWG 

950-111 

0 

Utility  MCC  Single  Line  Diagram 

DWG 

950-112 

0 

Utility  MCC  Single  Line  Diagram 

DWG 

950-131 

A 

Utility  MCC  Arrgt  and  Data  Sheet 

DWG 

950-151 

Utility  Elementary  Diagrams 

DWG 

Document 

Rev 

Title 

Type 

950-201 

Utility  Power  and  Control 

DWG 

950-401 

A 

Utility  Ltg  and  Grd  Plan 

DWG 

960-201 

Incinr  Power  and  Control 

DWG 

960-401 

Incinr  Ltg  and  Ground  Plans 

DWG 
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INTRODUCTION  AND  SUMMARY 

This  addendum  to  the  final  technical  report  (Data 
Item  A001)  previously  submitted  under  contract  DAAK40-76-C-1256 
presents  supplemental  information  pertinent  to  the  design  of 
the  NHC  production  facility.  At  the  time  of  the  previous  sub- 
mission, major  design  revisions  were  being  made  to  the 
incineration  waste  disposal  system  and  thus  the  submission  of 
the  final  waste  disposal  system  design  package  was  deferred. 
This  final  incinerator/waste  disposal  system  design  package 
was  transmitted  under  separate  cover  in  September,  1978  and 
forms  a part  of  this  first  report  addendum. 

Other  pertinent  design  information  contained  in  this 
addendum  includes  a description  of  project  management 
responsibility,  the  design  bi bl i ography , a listing  of  design 


package  contents 
as  later  report  a 


and  descriptions  of  appendices  to  be  submitted 
ddenda . 


PROJECT  MANAGEMENT  RESPONSIBILITY 
Callery  Chemical  Company 

As  prime  contractor  for  the  NHC  production  facility 
design,  Callery  Chemical  Company  will  maintain  a master  pro- 
ject file.  Contents  of  this  master  file  will  be  maintained 
for  the  life  of  the  NHC  facility  and  will  be  available  for 
retrieval  by  the  U.  S.  Army  Missile  R & D Command  or  their 
designated  representatives.  Master  file  contents  will  include 
original  tracings,  copies  of  all  other  design  documentation 
and  vendor  data  for  each  item  of  major  purchased  equipment. 

Callery  personnel  responsible  for  project  manage- 
ment and  design  file  maintenance  are  as  follows: 

Robert  A.  Brown,  Program  Manager 

William  J.  Cooper,  Assistant  Program  Manager 

Louis  M.  Rossi,  Contract  Administrator 

The  mailing  address  for  the  above  Callery  personnel  is 

Callery  Chemical  Company 

Division  of  Mine  Safety  Appliances  Company 
Callery,  Pennsylvania  16024 

Dravo  Corporation 

Chemical  Plants  Division  of  Dravo  Corporation  was 
the  design  engineering  subcontractor  for  the  NHC  facility  and 
as  such  will  maintain  a complete  design  file  for  a minimum  of 
five  years  from  completion  of  the  design.  Contents  of  the 
Dravo  design  file  will  include  copies  of  all  drawings  and 
originals  of  all  other  design  documents  and  design  calculations. 

Dravo  design  responsibility  and  design  file  main- 
tenance is  under  the  cognizance  of  the  following  individual: 
Charles  A.  Huber 

Project  Manager,  NHC  Production  Facility 

Chemical  Plants  Division 

Dravo  Corporation 

One  Oliver  Plaza 

Pittsburgh,  Pennsylvania  15222 
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DESIGN  BIBLIOGRAPHY 


Appendix  A of  this  addendum  lists  those  reports, 
documents  and  references  employed  in  the  design  of  the  NHC 
facility.  Included  in  Appendix  A are  project  reports,  general 
design  documents  and  references  and  process  development 
references . 

DESIGN  PACKAGE  CONTENTS 

Appendix  B of  this  addendum  provides  a current  list- 
ing of  the  contents  of  the  design  package. 

LATER  APPENDICES 

Supplemental  addenda  to  the  final  technical  report 
on  NHC  facility  design  will  be  prepared  and  submitted  at  later 
dates.  These  later  appendices  will  constitute  the  Standard 
Operating  Procedures  (SOP)  package  and  will  include: 

1.  Emergency  Procedures 

2.  Safety  Manual 

3.  Analytical  Procedures 

4.  Maintenance  Procedures  (including  lay  away) 

5.  Operating  Procedures  (including  startup, 
normal  operation  and  shutdown/lay  away) 

The  initial  SOP  package  will  be  prepared  and  sub- 
mitted for  review  prior  to  operator  training  and  startup  of 
the  NHC  facility.  The  SOP  package  will  be  utilized  for 
training,  checkout,  startup,  and  demonstration.  As  procedures 
are  refined,  the  SOP  package  will  be  updated  and  modified  to 
reflect  actual  operating  experience. 

Appendices  C and  D of  this  addendum  illustrate  the 
format  of  the  SOP  package.  Appendix  C illustrates  the  initial 
operating  procedures  as  developed  for  the  pentane  distillation 
system.  Appendix  D illustrates  the  initial  maintenance  pro- 
cedures with  a specific  example  of  the  NK'C  hot  water  pump, 
equipment  item  41248. 
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DESIGN  BIBLIOGRAPHY 


PROJECT  REPORTS 


Monthly  Technical  Reports,  MM  & T Project 
No.  37531  35  , Contract  DAAH01 -75-C-1243 , 

August  1975  - August  1977 

Inspection  System  Program  Plan,  Data  Sequence 
No  AOOG,  Contract  DAAK40-76-C- 1256  , February  22, 
1977 

Quality  Control  Plan  NHC  Production  Facility, 
Contract  DAAK40-76-C-  1256  , September  30  , 1 977 

Environmental  Aspects  Report,  Data  Sequence 
No.  AOOE  , Contract  DAAK40-76-C- 1256  , 

May  18,  1977 

Technical  Report  on  Facility  Design,  Data 
Sequence  No's.  A005  and  A006  , Contract 
DAAK40-76-C-1256  , May  11,  1977 

Reliability,  Availability,  Maintainability 
Analysis  Report,  Data  Sequence  No.  AOOF, 

Contract  DAAK40-76-C-  1256  , October  31,  1977 


GENERAL  DESIGN  DOCUMENTS  AND  REFERENCES 
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Occupational  Safety  and  Health  Standards, 

Code  of  Federal  Regulations, 

Title  29,  Chapter  XVII 

DOD  Contractors'  Manual  for  Ammunition, 

Explosives  and  Related  Materials, 

DOD  4145. 26M 

DOD  Construction  Criteria  Manual, 

DOD  4270. 1-M 

National  Fire  Codes  1975, 

National  Fire  Protection  Association 

National  Electrical  Code  1975, 

NFPA  70-1975, 

National  Fire  Protection  Association 

Fire  Hazard  Properties  of  Flammable  Liquids, 

Gases,  Volatile  Solids  1969  MFPA  325-M, 

National  Fire  Protection  Association 

Fire  Protection  Guide  on  Hazardous  Materials, 

6th  Ed.,  1975,  National  Fire  Protection  Association 

Registry  of  Toxic  Effects  of  Chemical  Substances, 

1975;  1976,  National  Institutes  of  Occupational 
Safety  and  Health 

"Damage-Limiting  Construction",  Loss  Prevention  Data, 
Construction  1-44,  February  1968,  Factory  Mutual 
Engineering  Corporation 

AMC  Safety  Manual,  AMCR  385-100,  April  1970; 

C2  AMCR  385-100,  September  12,  1974 

Environmental  Quality,  Environmental  Protection 
and  Enhancement,  AR  200-1  , December  22  , 1 975  ; 

AMC  Supplement  1 to  AR  200-1,  June  23,  1975 

Chemical  Process  Principles  Charts,  Hougen  and 
Watson,  John  Wiley  & Sons  1946 

Handbook  of  Chemical  and  Physical  Properties, 
Engineering  Department,  Callery  Chemical  Company 
( undated) 

Bench-Scale  Studies  of  Diborane  Pyrolysis, 

Report  No.  CCC-1 024-TR-203  , Contract  N0a(s)  52-1024-c, 
October  4,  1956 


rczrrrr 


Residence  Times  and  Conversions  in  Continuous- 
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APPENDIX  C 

ILLUSTRATIVE  OPERATING 
PROCEDURES 
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Illustrative  Operating  Procedures 

As  an  example  of  the  various  procedures  to  be  followed,  the 
Pentane  distillation  system  E.F.D.  114-203)  is  traced  from 
initial  equipment  setting  to  normal  production  operation. 

I.  Equipment  Setting: 

Oravo  installs  all  pumps  and  vessels  according  to  Dravo 
procedures  and  approved  specifications. 

II.  Piping  and  Electrical  Installation: 

Dravo  or  their  subcontractor  installs  all  piping  and 
electrical  materials  according  to  Dravo  procedures  and 
approved  specifications.  As  Dravo  seals  up  vessels, 
a visual  inspection  is  made  of  the  inside  of  the  vessel 
to  check  for  any  debris  or  trash  that  could  not  be 
removed  by  a solvent  cleanout. 

III.  Pressure  Testing: 

Process  equipment  is  pressure  tested  by  the  fabricator, 
who  forwards  a certified  statement  of  pressure  capa- 
bility with  the  equipment  information  and  prints.  Piping 
is  tested  hydrostatically  in  sections  by  Dravo,  according 
to  the  ASTM  procedures  and  the  design  pressure  rating  of 
the  pipe  section.  Callery  must  designate  a code  examiner 
who  is  responsible  for  insuring  that  all  piping  is  pres- 
sure tested,  and  that  all  results  are  recorded  in 
permanent  form. 

IV.  Electrical  Check-out: 

Dravo's  electrical  subcontractor  checks  electrical  runs 
for  continuity  and  proper  grounding,  voltage,  and  over- 
load protection.  Rotating  equipment  is  checked  for 
proper  rotation  and  proper  functioning  of  switches  and 
indicator  lights.  Pumps  are  a special  case,  since 
pressure  testing  o piping  causes  slight  line  movement. 
After  pressure  tests,  pumps  are  given  a final  alignment 
to  compensate  for  any  movement.  The  pump  motors  are 


checked  for  proper  rotation  with  the  pump  uncoupled. 
At  this  point,  Callery  inspects  the  installation  for 
acceptance . 
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V.  Instrument  Installation  and  Checkout: 

Oravo  inspects  and  installs  all  instrumentation  and  the 
associated  regulators,  needle  valves,  tubing,  purge  units, 
etc.  Instrument  checkout  of  the  pentane  distillation 
system  is  broken  down  as  follows: 

1.  Dravo  checks  out  control  loops,  remote  instru- 
mentation, and  alarm  circuits.  The  instruments 
tested  by  Dravo  are  TIC-5,  FIC-27,  the  steam 
flow  control  valve,  TSH  and  TAH-27,  and  TR-1. 

The  hot  water  system  control  loop  is  checked  by 
supplying  regulated  instrument  air  to  TIC-5  and 
and  FIC-27,  and  adjusting  the  set  points  to 
maximum.  The  control  valve  should  open  to  full 
travel.  The  high  temperature  alarm  circuit  is 
checked  by  applying  a heat  source  to  TSH-27, 
causing  TAH-27  to  sound.  The  control  room 
"Acknowledge"  switch  should  stop  the  alarm. 

The  temperature  recorder  TR-1  is  checked  for 
signal  line  continuity  using  a low-voltage 
source.  Thermocouples  are  not  used.  Dravo  does 
not  calibrate  any  instrumentation. 

2.  Callery  checks  out  local  instrumentation  such  as 
temperature  indicators.  Rotameters,  pressure 
gauges,  and  level  gauges.  The  level  gauge  is 
calibrated  on  the  pentane  receiver  by  filling 
the  receiver  with  a known  liquid  volume  to  the 
bottom  of  the  level  gauge.  A straight-side 
volume  calculation  is  then  used  to  calibrate  to 
the  top  of  the  gauge.  The  level  gauge  LG-141 
needs  no  calibration.  The  pop  valves  PSV-19,  20, 
22,  and  23  are  pre-set  by  the  manufacturer;  these 
are  bench-tested  using  compressed  air  to  check 
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for  proper  relief  action  at  the  set  pressure. 

After  the  testing  and  installation,  the  only 
check  is  to  be  sure  that  the  bonnet  plugs  are 
removed.  The  frangible  disc  PSE-21  needs  no 
inspection,  nor  does  the  pentane  condenser  flow 
glass.  Thermometers  TI-104  and  105  are  the  dial 
type  and  are  checked  by  immersion  in  hot  water, 
before  installation.  aP  gauge  PI-105  has  a 
range  of  0-15"  HgO  and  is  calibrated  at  the 
factory;  therefore,  only  the  zero  adjustment 
needs  checking  (the  movement  can  be  checked  by 
mouth).  The  series  of  PCV's  are  all  adjusted 
by  turning  the  set  screw  a certain  number  of 
turns  from  zero  to  obtain  a desired  pressure. 

This  setting  is  made  with  the  valves  installed. 

The  flowmeters  FE-5,  6,  and  41  consist  of  an 
orifice  plate  and  AP  gauge  with  a square-root 
flowrate  scale.  Each  orifice  must  have  a sharp- 
edged  hole  with  no  warping  or  damage  to  the- 
plate  evident.  The  gauge  is  factory-calibrated, 
so  only  the  zero  point  should  be  adjusted. 

After  these  flowmeters  are  installed,  the  signal 
lines  and  valved  manifold  are  inspected  for  proper 
orientation. 


Checkout  of  Rotating  Equipment: 

Upon  acceptance  of  installation  for  a particular  piece  of 
rotating  equipment,  Callery  begins  its  portion  of  the 
checkout.  All  rotating  equipment  is  initially  locked  out 
from  the  electrical  source.  The  pentane  distillation 
system  has  no  requirement  for  seal  oil  circulation,  so 
the  seal  oil  unit  need  not  be  available.  All  three  pumps 
are  first  coupled  to  the  drive  motors.  Then  the  bearing 
housings  are  filled  with  the  proper  amount  and  grade  of 
lubricating  oil,  and  the  constant-level  oilers  are  filled. 
The  drive  shafts  are  turned  by  hand  to  insure  free 


rotation,  and  then  the  motor  control  center  for  each  pump 
is  unlocked  and  energized.  Eash  pump  is  started  briefly 
and  is  checked  for  vibration,  proper  rotation,  and  any 
rotational  interference.  If  the  pump  performs  satis- 
factorily, the  motor  control  center  is  de-energized  and 
locked  out  until  the  cleanout  operations  begin. 

VII.  Cleanout  Procedures: 

Since  Dravo  hydrostatically  tests  piping,  much  of  the 
water-soluble  debris  should  already  be  rinsed  out  at 
this  point.  The  object  of  the  cleanout  is  threefold: 
it  minimizes  the  remaining  contamination  inside  the 
process,  it  allows  safe  identification  of  any  leak 
sources,  and  it  provides  a "hands-on"  training  step  for 
new  plant  operators. 

Prior  to  cleanout  using  flammable  liquids,  air  must  be 
purged  from  the  equipment  by  displacing  it  with  plant 
nitrogen.  PCV-18  and  19  are  set  at  12"  W.C.,  and  the 
backpressure  valve  PCV-20  is  set  at  its  normal  6"  W.C. 

N2  is  allowed  to  flow  into  the  NHC  purification  kettle 
(35227)  and  the  pentane  receiver  (35239)  for  a maximum 
of  five  minutes,  at  which  time  a sufficiently  inert 
atmosphere  is  present  to  eliminate  flammability  hazards. 
After  purging,  PCV-18  and  19  are  reset  at  the  normal 
6"  W.C. 

The  cleanout  of  the  pentane  distillation  system  is  done 
using  pentane  as  the  solvent.  Before  the  cleanout  is 
started,  the  plant  nitrogen  system  must  be  operating. 

In  addition,  the  instrument  air,  vent  header/incinerator, 
cooling  and  process  water,  and  steam  systems  are  needed. 
Pentane  is  introduced  into  the  distillation  system  by 
forwarding  it  from  the  NHC  wash  tank  via  the  secondary 
wash  pump.  The  procedure  is  as  follows:  (^200  gal. 
pentane  wash) 

1)  Unlock  motor  control  centers  for  all  three  pumps, 
and  also  the  secondary  wash  pump. 


2)  Close  the  drain  valve  on  the  NHC  purif.  kettle 
(35227) 

3)  Open  the  system  vent  valve  to  the  NHC  vent  header 
(valve  by  PCV-2Q) 

4)  Close  the  pentane  condensate  loop  drain  valve, 
and  open  the  F E ~ 5 throttling  valve  wide  open. 

Open  the  pentane  receiver  inlet  valve  and  vent 
valve. 

5)  Open  the  chilled  cooling  water  return  and  supply 
valves  to  the  recovered  pentane  condenser. 

6)  Check  PI-105  for  proper  differential  pressure; 
should  indicate  6"  W.C. 

7)  Open  the  drain  valve  on  the  NHC  wash  tank  (36208) 
to  the  secondary  wash  pump.  Open  the  pump  dis- 
charge valve  and  turn  on  the  pump  to  transfer 
the  pentane  to  the  NHC  purification  kettle. 

8)  When  the  transfer  is  complete,  turn  off  the  pump 
and  close  the  drain  and  pump  discharge  valves. 

9)  Open  the  drain  valve  on  the  NHC  purification 
kettle,  and  valve  the  NHC  vac.  dist.  unit 
(47210-1)  and  the  residue  pump  discharge  so  that 
the  pentane  may  be  transferred  to  the  process 
drain  tank. 

10)  Turn  on  the  NHC  purification  pump  and  transfer 
the  pentane  batch  to  the  process  drain  tank. 

When  the  transfer  is  complete,  turn  off  the  pump 
and  close  al 1 valves . 

A second  pentane  batch  is  run  through  the  system 
for  use  in  calibrating  tank  levels  and  dynamic 
testing.  The  first  pentane  batch  cleans  the 
equipment  and  fills  up  the  piping,  so  that  the 
second  batch,  which  is  carefully  quantified,  can 
be  used  as  a known  quantity.  The  batch  log 
sheets  are  used  for  this  second  batch.  A sample 
log  sheet  is  attached  at  the  end  of  these 
instructions.  The  procedure  for  the  second  batch 
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is  as  follows: 

11)  Repeat  steps  (1)  to  (8). 

12)  Open  the  lower  jacket  inlet  valve  on  the  NHC 
purif.  kettle,  then  open  the  valve  on  the  hot 
water  surge  pot  and  fill  the  hot  water  system 
using  a service  water  hose.  When  the  system 
appears  full,  turn  on  the  pump  and  circulate  the 

water.  Continue  filling  the  system  until  the  " 

surge  pot  water  level  is  slightly  above  the 
bottom  of  the  level  gauge.  Leave  the  surge  pot 
fill  valve  open . 

13)  Open  the  steam  supply  valve. 

14)  Set  PIC-27  to  7525  of  fbll  scale,  then  set  TIC-5 
to  100°F.  Check  PIC-27  to  be  sure  steam  is 

fl  owi  ng. 

15)  Watch  TI-104  as  it  approaches  the  pentane 
boiling  point  ( ^9 7° F ) . Occasionally  check  FE-41 , 
which  should  read  about  20  GPM. 

16)  When  the  Pentane  begins  boiling,  check  the 
condenser  flow  glass  for  condensate  flow.  As 
the  flow  stabilizes,  FE-5  should  read  about 

1 GPM.  FE-6  should  read  zero. 

17)  After  4 hour  of  pentane  reflux,  completely  close 
the  FE-5  throttling  valve.  FE-6  should  now  read 
about  1 GPM. 

18)  Boil  off  all  the  pentane  in  the  kettle.  When  the 
kettle  is  dry,  set  PIC-27  to  zero  and  set  TIC-5 
to  50°F.  Turn  off  the  NHC  hot  water  pump.  Open 
the  loop  drain  valve  (after  FE-6)  to  drain 
accumulated  pentane  into  the  pentane  receiver. 

Leave  the  condenser  water  on. 

19)  Using  the  known  volume  of  pentane  charged  to  the 
system,  mark  the  pentane  receiver  level  gauge  at 
the  indicated  level  with  the  quantity  contained. 

A straight  side  calculation  (volume  of  a cylinder) 
is  now  used  to  completely  calibrate  the  gauge. 


20)  Close  the  pentane  loop  drain  valve. 

21)  Connect  a hose  and  valve  to  the  blinded  tee  in 
the  pentane  recycle  line. 

22)  Position  a portable  drum  scale  near  the  hose  and 
tare  an  empty  55-gallon  drum.  Leave  drum  on  scale 
and  set  drum  scale  weights  to  tare  weight  plus  250 
1 bs . 

23)  Place  hose  in  drum  to  near  bottom  of  drum  and 
ground  hose  to  drum.  Connect  another  hose  from 
drum  vent  to  inlet  of  high  velocity  vent  header 
and  open  HV  vent  valve. 

24)  Open  the  pentane  receiver  drain  valve,  open  the 
C5  transfer  pump  (41235)  discharge  valve  and  turn 
on  the  pump.  When  250  lbs  of  pentane  have  been 
transferred  to  the  drum  or  when  pentane  receiver 
is  empty,  shut  off  pump  and  close  discharge  valve. 
If  more  than  one  drum  is  required  to  collect  the 
pentane,  repeat  steps  22,  23  and  24. 

25)  When  the  pentane  receiver  is  empty,  turn  off  the 
pump  and  close  both  valves.  Disconnect  the  hose 
and  valve,  and  replace  the  blind  tee. 

This  second  cleanout  batch  also  serves  as  the 
dynamic  testing  step.  Dynamic  testing  of  the 
pentane  distillation  system  consists  of  measuring 
heating  rates  for  the  still  pot,  pumpout  times 
for  the  still  pot  and  the  pentane  receiver,  and 
the  overall  batch  cycle  time.  If  the  second 
cleanout  batch  does  not  provide  sufficient 
information,  another  pentane  batch  will  be 
processed  according  to  the  start-uD  procedure. 

VIII.  Start-up  Procedures: 

Since  the  pentane  distillation  is  a batch  operation, 
there  is  little  difference  between  the  start-up  and 
operating  procedures.  However,  the  main  emphasis  during 
start-up  is  to  obtain  a workable  and  consistent  operation. 
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while  the  primary  concern  of  normal  operation  is  to  meet 
the  production  schedule.  The  start-up  procedure  and  the 
preliminary  operating  procedure  are  as  follows: 

1)  Close  the  drain  valve  on  the  NHC  purification 
kettle  (35227),  and  open  the  system  vent  valve 
(to  the  NHC  vent  header). 

Close  the  pentane  condensate  loop  drain  valve, 
and  open  the  FI-5  throttling  valve  wide  open. 
Open  the  pentane  receiver  (35239)  inlet  and  vent 
valves.  Be  sure  the  drain  valve  is  closed,  and 


2) 


3) 

4) 


5) 


6) 


7) 


8) 


be  sure  the  kettle  and  receiver  N2  is  on. 


Open  the  chilled  cooling  water  return  and  supply 
valves,  to  the  recovered  pentane  condenser  (31207) 
Check  PI-105  for  proper  differential  pressure 
(6"  W.C.),  then  open  the  drain  valve  on  the  NHC 
wash  tank  (36208)  to  the  secondary  wash  pump. 

Open  the  pump  discharge  valve,  turn  on  the  pump, 
and  transfer  the  NHC/pentane  batch  to  the  NHC 
purif.  kettle.  When  finished,  turn  off  the  pump 
and  close  the  drain  and  pump  discharge  valves. 
Check  the  kettle  jacket  water  supply  at  the  surge 
pot  level  gauge  LG-141.  The  pot  should  be  about 
1/3  full;  if  not,  add  water  from  a service  water 
hose.  Turn  on  the  hot  water  pump  after  checking 
that  the  bottom  jacket  valve  is  open.  (Leave  the 
surge  pot  fill  valve  open.) 

Open  the  steam  supply  valve.  Set  PIC-27  to  75« 
of  full  scale,  then  set  TIC-5  to  100°F.  Check 
PIC-27  to  be  sure  steam  is  flowing. 

Watch  TI-104  as  it  approaches  the  pentane  boiling 


point  (98°F  at  6"  W.C.).  Occasionally  check  FE-41 


which  should  indicate  about  20  GPM. 

When  the  pentane  begins  boiling,  condensate  flow 
will  be  visible  in  the  condenser  flow  glass. 

When  flow  is  steady,  throttle  back  FI-5  until  the 
flow  is  4 the  flow  through  FI-6.  (FI-5  at 
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approx.  0.3  GPM,  FI-6  at  approx.  0.6  GPM).  Note 
on  the  log  sheet  when  boiling  begins. 

9}  Continue  the  stripping.  If  recovered  pentane 

reaches  the  top  of  the  receiver  level  gauge  LG-114 
before  stripping  is  completed,  transfer  a portion 
of  the  pentane  back  to  the  storage  tank:  open 
the  pentane  receiver  drain  valve,  open  the  pump 
discharge  valve,  and  turn  on  the  pump.  Transfer 
about  75  gal.;  record  the  actual  quantity  trans- 
ferred on  the  log  sheet.  After  the  transfer, 
turn  off  the  pump,  and  close  the  drain  and  pump 
discharge  valves. 

10)  Continue  the  stripping  until  points  4,5  and  6 on 
TR-1  begin  to  fluctuate  and  condensate  flow  stops. 
Then,  set  PIC-27  to  zero  and  set  TIC-5  to  50°F. 
Turn  off  the  hot  water  pump.  (Leave  condenser 
cool i ng  water  on . ) 

11)  Valve  the  NHC  vacuum  distillation  unit  to  receive 
the  crude  NHC  batch.  Open  the  NHC  purif.  kettle 
drain  valve,  turn  on  the  NHC  purif.  pump,  and 
transfer  the  NHC  batch  to  the  vacuum  still  pot. 
After  the  transfer,  shut  off  the  pump  and  close 
the  NHC  purif.  kettle  drain  valve.  Note  the 
transfer  time  on  the  batch  log  sheet. 

12)  Transfer  the  contents  of  the  pentane  receiver  to 
the  pentane  storage  tank,  following  the  precedure 
given  in  (9).  Transfer  all  of  the  pentane,  and 
note  the  quantity  transferred  on  the  log  sheet. 
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DATE 


OPERATOR 


TIME  BATCH 
CHARGE  COMPLETED 


TIME  REFLUX 
STARTED 


BATCH  LOG  SHEET 
PENTANE  DISTILLATION 


NHC  BATCH  NO. 


VOL.  CHARGED  FROM 
NHC  WASH  TANK 


GAL. 


START  + 1 HR.  +2  HR.  +3  HR.  +4  HR.  +5  HR.  +6  HR. 

FE-5  REFLUX  FLOW  

FE-6  PRODUCT  FLOW  

TI-104  POT  TEMP.  

PI-105  POT  PRESS.  

FE-41  HOT  WATER  FLOW  

PIC-27  STEAM  FLOW  

TI-105  RCYR.  TEMP.  

LG- 114  RCVR.  LEVEL  


TIME  DISTILLATION 

COMPLETED  VOL.  IN  PENTANE 

RECEIVER  GAL. 


RECEIVER  TEMP. 
(TI-105) 
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MAINTENANCE  PROCEDURES 

Each  major  piece  of  equipment  (those  with  item  numbers)  has 
its  own  maintenance  file,  listed  by  item  number.  This  file 
includes: 

a)  Maintenance  Record  Sheet  with  Prevent.  Maint.  Schedule 

b)  Removal -From-Servi ce  Procedure 

c)  Maintenance  and  Repair  Instructions 

d)  Equipment  Drawings  and  Dimensions 

e)  Parts  and  Materials  List 

f)  Performance  Charts/Tables 

g)  Recommended  Spare  Parts  List 

h ) Operati ng  Manual ( s ) 

The  Maintenance  Record  Sheet  contains  a listing  of 
all  maintenance  work  performed  on  a particular  equipment  item. 
This  sheet  also  contains  the  item's  preventive  maintenance 
schedule,  and  a running  balance  of  spare  parts  in  stock.  The 
Preventive  Maintenance  Schedule  is  posted  on  a master  calendar 
which  shows  all  of  the  scheduled  plant  maintenance  activity  for 
a year's  time.  The  information  from  the  Maintenance  Work  Order 
forms  is  used  to  update  the  record  sheet.  Spare  parts  are 
stored  in  shelf  bins  and  are  identified  by  equipment  item 
number  and  part  number.  When  a part  from  stock  is  used,  it  will 
be  noted  on  the  Maintenance  Work  Order;  before  the  work  order  is 
filed  a replacement  spare  part  will  be  ordered  via  a Requisition 
Form.  A copy  of  this  Requisition  is  also  kept  in  the  Mainte- 
nance file. 

The  Remo va 1 - From-Se rvi ce  Procedure  details  the  steps 
necessary  for  safely  isolating  the  equipment  from  process 
materials  and/or  power  supply.  When  maintenance  on  the  bench 
is  required,  this  procedure  is  used  to  get  the  equipment  from 
on-line  operational  status  to  the  repair  station. 

The  remainder  of  the  Maintenance  File  contents  is 
supplied  by  the  equipment  vendor.  Exhibit  "A"  gives  an  example 
of  a typical  equipment  maintenance  file. 
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Process  instrumentation  has  a separate  maintenance 


file  containing  the  information  listed  above,  plus  an  "Initial 
Instrument  Calibration  Sheet",  which  gives  the  settings  at 
which  the  instrument  was  first  used  in  process  service.  All 
subsequent  changes  in  the  instrument  settings  will  be  noted 
on  this  sheet.  In  addition,  the  process  variable(s)  that  is 
the  basis  for  the  settings  is  also  recorded.  A sample  Initial 
Instrument  Calibration  Sheet  is  included  at  the  end  of 
Exhibit  "A".  All  Instrument  Maintenance  Files  are  classified 
alphabetically  according  to  the  instrument  identification 
number  on  the  most  recent  edition  of  the  appropriate  engineer- 
ing flow  diagram.  Spare  parts  are  classified  in  the  same 
manner. 

Keeping  an  Instrument  Maintenance  File  containing 
the  above  information  allows  identification  of  any  instruments 
that  are  unreliable  or  poorly  suited  to  the  process  application 
In  addition,  when  the  plant  production  rate  is  increased,  the 
Maintenance  Files  will  allow  an  orderly  recalibration  program 
to  be  instituted. 

Process  equipment  not  having  item  numbers  (e.g., 
valves)  and  instrument  accessories  not  having  i denti f i cati on 
numbers  (e.g.,  air  regulators)  are  listed  by  name  in  alpha- 
betical order  in  the  Maintenance  Files. 
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MINE  SAFETY  APPLIANCES  COMPANY 

MAINTENANCE  REQUEST  & WORK  ORDER 


I 


0:  MAINTENANCE  DEPT.  0 
| TOOL  ROOM  | | 


CHARGE  OEPT.  NO. 

I 

1 TE  REQUIRED 


l 


REQUEST  DATE. 
REOUEST  NO.  _ 

OEPT.  NAME_ 


7/25 


SAMPLE 


NHC 


REQUESTED  BY. 


NHC  OPERATOR 


t^PE  OF  MAINTENANCE:  SCHEDULED 
EMERGENCY 

I UIPMENT  OR  TOOL  NAME 


0 

PREVENTIVE  [~~~j 

□ 

MOVE  & REARRANGE 

NHC  HOT  WATER  PUMP 


41248 


PROPERTY  TAG  OR  TOOL  NO.  REQUIRING  SERVICE 

' SCRIPTION  OF  WORK  REQUIRED  LEAKING  AT  SEAL 


REPLACED  SEAL 


JOB  NO.  M. 


(CHARGE  APPROPRIATE  FUNCTION  A/C) 


REQUIRED:  1 DURA-SEAL,  SINGLE  INSIDE  ROTT-TYPE 

4 HOURS  LABOR 


i 

LABOR  MATERIAL  TOTAL  j 

COST  COST  COST  j 


PfttVCNTtVK  MAINTKNANCI  NCCONO  C-OIM14  CT 


REMOVAL  FROM  SERVICE 
41248  - NHC  HOT  WATER  PUMP 
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Before  the  pump  can  be  removed,  follow  the  pentane 
distillation  operating  instructions  to  shut  down  processing  in 
this  system. 

1)  Turn  down  the  set  point  on  PIC-27  to  zero  and  set 
TIC-5  at  50° F . 

2)  Shut  off  the  steam  supply  hand  valve  to  the  double 
heater. 

3)  At  the  pump  motor  control  center,  turn  off  the  power 
and  lock  the  switch  handle  in  the  OFF  position,  using 
an  issued  mechanic's  safety  lock. 

4)  Open  the  fill  valve  on  the  hot  water  surge  pump. 

5)  Close  the  two  jacket  inlet  valves  on  the  pentane 
distillation  kettle. 

6)  Remove  the  drain  plug  from  the  pump  casing,  and  drain 
the  water  from  the  pump  and  line.  Remove  coupling. 

7)  When  the  line  has  been  drained,  remove  the  pump  from 
the  line  flanges  and  the  pump  base. 

NOTE  - If  the  pump  bearings  need  maintenance,  it 
may  not  be  necessary  to  remove  the  entire 
pump  from  service.  See  the  Labour  Maintenance 
Manual . 
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INSTRUCTIONS  FOR  THE  INSTALLATION,  CARE  AND  OPERATION  OF 

LaBOUR  ANSI  STANDARD  PUMPS 


This  bulletin  gives  information  on  the  proper  installa- 
tion, operation  and  maintenance  of  LaBOUR  Group  S 
and  Group  L ANSI  Standard  pumps.  The  drawings  and 
description  will  acquaint  the  operators  and  mainte- 
nance men  with  the  mechanical  construction  of  the 
pumps. 

Immediately  on  arrival  the  pump  should  be  carefully 
examined  for  evidence  of  damage  while  in  transit  and 
any  damage  should  be  reported  to  the  carrier. 

Before  installation  of  the  pump  the  shaft  should  be 
turned  over  by  hand  to  determine  that  there  is  no  bind- 
ing or  rubbing.  Care  must  be  exercised  in  the  alignment 
of  the  pump  and  motor  shaft.  Pumps  with  motors 
mounted  and  accurately  aligned  at  our  factory  may  be 
mishandled  in  transit.  Therefore,  it  is  recommended 
that  pump  and  motor  shaft  alignment  be  rechecked 
before  installation. 

INSTALLATION  OF  PUMP 

The  pump  should  be  so  located  as  to  be  readily 
accessible  for  proper  attention  and  convenience  of 
maintenance.  The  suction  and  discharge,  piping  must 
properly  match  the  pump  flanges.  To  avoid  excessive 
mechanical  loading  the  suction  and  discharge  piping 
must  not  be  strained  in  making  the  final  connection 
at  the  pump.  All  piping  must  be  supported  indepen- 
dently from  the  pump. 

The  pump  should  be  located  as  close  as  possible  to 
the  source  of  supply  with  a minimum  of  elbows  and 
fittings  in  the  suction  line  which  would  cause  turbu- 
lence and  loss  of  head  due  to  friction.  It  is  suggested 
that  no  elbow  or  similar  fitting  be  installed  less  than 
five  pipe  diameters  from  the  suction  flange. 

As  baseplates  can  be  distorted  when  foundation  bolts 
are  tightened  it  is  recommended  that  the  unit  be  re- 
checked after  this  is  done  to  be  certain  the  shaft  turns 
freely  by  hand.  The  pump  and  motor  shaft  should  be 
checked  for  angular  and/or  parallel  misalignment. 

CAPACITY  OF  THE  PUMP 

Pumping  capacities  are  ordinarily  expressed  in  terms 
of  volume  of  liquid  handled  per  unit  time;  together 
with  the  total  head  against  which  the  pump  is  to  oper- 
ate. The  capacity  of  the  pump  is  generally  given  in  gal- 
lons per  minute  (GPM),  and  the  head  is  expressed  in 
feet.  As  long  as  the  head  is  expressed  in  feet  and  not 
in  pounds  pressure,  the  capacity-head  characteristics 
are  the  same,  regardless  of  the  specific  gravity.  All 
La8our  pumps  are  carefully  tested  with  water.  Pump 
performance  will  generally  be  the  same  regardless  of 
the  specific  gravity  of  the  liquid  being  handled.  The 
power  required  to  drive  the  unit  will  vary  in  direct  pro- 
portion to  the  specific  gravity  of  the  liquid.  Wide 
variations  in  the  viscosity  will  change  the  pumping 
characteristics  somewhat  as  well  as  the  power  input 
required. 


MATERIALS  OF  CONSTRUCTION 

LaBour  pumps  are  furnished  in  wide  variety  of  con- 
struction materials,  these  being  especially  selected  for 
the  liquids  to  be  handled  and  the  duty  to  be  performed. 
When  the  pump  leaves  the  factory  it  is  tagged,  indicat 
ing  the  metal  used  in  the  pump  casing  and  also 
indicating  the  metal  of  which  the  impeller  is  made 
Care  should  be  taken  to  see  that  pumps  constructed  ol 
given  metals  are  applied  only  for  handling  liquids  tor 
which  they  are  suitable. 


STARTING  THE  PUMP 

The  oil  was  drained  from  .the  bearing  housing  before 
shipment.  The  bearing  housing  must  be  filled  to  the 
proper  level  as  indicated  on  the  housing  casting.  The 
proper  oil  level  is  established  and  maintained  by  the 
Gits  constant  level  oiler  (Size  #3275-4A  for  Group 
S and  #3275-8A  for  Group  L pumps)  supplied  with 
each  pump.  The  oil  reservoir  should  be  checked  reg- 
ularly to  ensure  proper  oil  level. 

For  high  speeds  (2900-3500  RPM)  or  low  temperatures 
use  a good  automotive  or  turbine  grade  SAE  #10  oil. 
For  lower  speeds  and/or  higher  temperatures  an  SAE 
#20  oil  is  recommended.Bearing  housings  are  provided 
with  water  jackets  that  can  be  drilled  and  tapped  for 
cooling  connections  when  specified.  Do  not  depend 
upon  the  hand  to  determine  operating  temperatures  for 
bearings.  The  actual  temperature  should  be  determined 
with  a thermometer  as  it  is  impossible  to  comfortably 
hold  the  hand  on  the  bearing  housing  even  when  the 
bearings  are  well  below  safe  operating  temperatures. 
When  handling  liquids  at  300  deg.  F and  above,  water 
cooling  of  the  oil  is  desirable.  However,  if  a particular 
installation  is  such  that  water  for  cooling  is  not  feasi- 
ble an  oil  temperature  up  to  180  deg.  F is  permissible. 
If  the  installation  has  been  properly  made  the  pump  is 
almost  ready  for  starting.  A careful  check  should  be 
made  to  see  that  no  foreign  material  has  become 
lodged  in  the  pump.  Protective  closures  are  provided 
on  the  suction  and  discharge  openings  when  the  pump 
leaves  the  factory. 


CAUTION 

The  direction  of  rotation  is  clockwise  when  fac- 
ing the  coupling  end  of  the  pump  shaft  as  indi- 
cated by  the  arrow  cast  on  the  pump  casing. 
Incorrect  rotation  may  cause  the  impeller  to  un- 
screw and  jam  against  the  casing.  To  prevent 
this  possibility  the  spacer  is  not  assembled  to 
the  coupling  but  is  packaged  separately  with  the 
pump.  Before  installing  the  coupling  spacer,  or 
making  permanent  electrical  connections,  tho 
direction  of  rotation  should  bo  checked  as  well 
as  the  alignment  of  the  pump  and  motor  shafts 
for  misalignment  sometimes  results  from  mis- 
handling during  transit 


STUFFING  BOX 

The  stuffing  box  space  provides  for  five  rings  of  pack- 
ing with  a seel  cage  and  repacking  space.  Group  “S" 
pumps  (1V%~  dia.  shaft)  require  X."  square  packing  and 
Group  "L"  pumps  (1%~  dia.  shaft)  require  H"  square 
packing. 

The  gland  on  pumps  handling  corrosive  liquids  must 
be  intelligently  operated  and  maintained  for  satisfac- 
tory results.  It  is  important  when  repacking  to  use  the 
correct  size  and  kind  of  packing  for  the  particular 
service.  Acid  handling  pumps  generally  use  Asbestos 
packings  which  are  very  abrasive  and  are  apt  to  score 
the  pump  shaft  if  not  properly  used.  The  packing  should 
be  well  lubricated  and  the  gland  should  not  be  main- 
tained excessively  tight. 

New  packing  should  be  cut  to  such  length  that  when 
the  ends  are  butted  together  a ring  will  be  formed 
which  is  slightly  larger  in  diameter  than  the  packing 
chamber.  When  forced  into  place  the  ends  will  be  held 
tightly  together.  Care  must  be  taken  to  stagger  the 
joints. 

The  lantern  ring  communicates  with  a grease  or  liquid 
passage  in  the  stuffing  box  cover  and  if  it  is  not  prop- 
erly positioned  the  grease  or  liquid  cannot  flow  to  this 
ring.  To  ensure  proper  positioning  of  the  lantern  ring 
all  of  the  old  packing  must  be  removed  and  three  rings 
of  new  packing  installed  ahead  of  the  lantern  ring  and 
two  rings  behind.  When  installing  the  Teflon  lantern 
ring,  the  butted  ends  should  be  twisted  apart  just  suf- 
ficiently to  clear  the  shaft.  Do  not  spread  the  ends 
directly  apart.  The  gland  should  be  maintained  as  loose 
as  possible  without  excessive  leakage,  particularly  dur- 
ing the  packing  "run  in"  period. 

The  stuffing  box.^gver  is  provided  with  two  Vi"  pipe 
tap  connections  for  liquid  sealing  or  quenching.  CAU- 
TION: WATER  SEALING  MUST  NOT  BE  USED  WITH 
CONCENTRATED  SULPHURIC  ACID.  The  sealing  liq- 
uid must  be  compatible  with  the  liquid  being  pumped. 
Liquid  sealing  of  the  gland  is  customary  for  pumps 
operating  with  vacuum  on  the  suction  to  prevent  an 
excessive  amount  of  air  being  drawn  past  the  gland. 

Pumps  for  handling  hot  liquids  can  be  furnished  (on 
special  order)  with  a stuffing  box  cover  having  an  an- 
nular water  chamber  surrounding  the  packing.  Keeping 
the  gland  temperature  as  low  as  possible  is  helpful  in 
extending  the  packing  life. 

MECHANICAL  SEALS 

For  pumps  equipped  with  mechanical  seals,  refer  to 
the  seal  manufacturers  drawings  and  Instructions  which 
are  shipped  with  the  pump. 

REPAIRING  THE  PUMP 

All  rotating  parts  are  contained  in  a single  assembly, 
which  may  be  removed  or  replaced  as  a unit  without 
disturbing  pipe  connections  or  motor  and  without  af- 
fecting alignment.  The  drawings  in  this  booklet  show 
the  simplicity  of  this  construction.  If  desired,  an  entire 
new  drive  unit  with  impeller  may  be  quickly  installed, 
permitting  prompt  resumption  of  service  while  repairs 
are  being  made. 


TO  DISASSEMBLE  PUMPS 

1.  Remove  coupling  guard. 

2.  Remove  Flexible  Coupling  spacer. 

3.  Remove  bolts  holding  bearing  housing  foot  to  base. 

4.  Remove  nuts  from  casing  studs.  The  drive  unit  may 
now  be  pulled  away  from  the  casing  as  a complete 
assembly  for  repair  or  replacement. 

5.  To  remove  the  impeller - 

(a)  Hold  shaft  from  turning  (couplings  normally  fur- 
nished are  provided  with  hub  flats  for  this 
purpose). 

(b)  When  facing  impeller  turn  blades  counterclock- 
wise to  remove. 

6.  For  pumps  with  packed  stuffing  box  loosen  gland 
stud  nuts  to  relieve  pressure  on  packing.  For  pumps 
with  mechanical  seals  refer  to  the  applicable  seal 
drawing.  Inside  mounted  seals  require  that  the  seal 

. gland  be  removed  before  removing  the  stuffing  box 
cover. 

7.  Remove  the  two  stuffing  box  cover  cap  screws  (Pc. 
#211).  The  stuffing  box  cover  (Pc.  #210)  may  now 
be  removed.  No  further  disassembly  is  required  to 
repair  or  replace  a mechanical  seal. 

8.  To  remove  Shaft  and  Bearings,  remove  the  four 
bearing  cover  cap  screws  (Pc.  #234)  and  shaft  as- 
sembly can  then  be  withdrawn  from  the  bearing 
housing. 

REASSEMBLY  OF  PUMP 

Reassembly  of  the  pump  is  just  the  reverse  of  the  steps 
for  disassembly.  When  reassembling  a pump,  care  must 
be  taken  that  when  the  impeller  is  firmly  seated  in 
position  there  is  a clearance  of  approximately  .020" 
between  the  impeller  blades  and  the  stuffing  box  cover 
(Pc.  #210).  This  will  allow  not  less  than  H,"  clearance 
between  the  front  of  the  impeller  blades  and  the  pump 
casing  through  the  use  of  a thick  casing  gasket. 
The  use  of  a thinner  gasket  will  reduce  the  clearance 
and  a thicker  gasket  will  mean  excessive  clearance  be- 
tween the  impeller  and  the  pump  casing.  Because  of 
the  high  co-efficient  of  expansion  of  chrome  alloys,  the 
impellers  in  pumps  of  such  metals  are  set  closer  to 
the  stuffing  box  cover  than  to  the  pump  casing. 

To  replace  bearings  they  are  pressed  off  the  shaft.  The 
new  bearings  should  be  heated  in  oil  or  under  a heat 
lamp  to  a temperature  of  300  deg.  F.,  at  which  temp- 
erature they  can  be  slipped  over  the  shaft  and  seated 
snugly  against  their  respective  shaft  shoulders.  The 
rear  bearing  (Pc.  # 228)  is  drawn  into  place  by  the 
locknut  (Pc.  # 229)  which  is  then  secured  by  the  lock- 
washer  (Pc.  # 230). 

When  replacing  oil  seals  care  must  be  used  in  pressing 
them  squarely  into  the  bearing  housing  adapter  (Group 
L pumps),  the  bearing  housing  (Group  S pumps)  and 
the  bearing  cover.  Oil  the  lips  of  the  seals  and  use  care 
when  installing  the  shaft  in  the  housing  and  the  rear 
cover  on  the  shaft  to  avoid  damage  to  the  lips  of  the 
oil  seals. 


TO  SET  IMPELLER  CLEARANCE 

Replacement  of  the  Stuffing  Box  Cover  (Pc.  #210), 
8earing  Housing  (Pc.  #223),  Adapter  (Pc.  #218),  Shaft 
(Pc.  #226)  and/or  Outboard  Bearing  (Pc.  #228)  may 
necessitate  readjustment  of  the  clearance  (.020”)  be- 
tween the  Impeller  blades  and  Stuffing  Box  Cover. 
Resetting  of  the  impeller  clearance  should  be  done  with 
the  drive  unit  disassembled  from  the  casing.  Move  shaft 
assembly  forward  until  the  outboard  bearing  snap  ring 
without  shim  is  snugly  against  the  face  of  the  bearing 
housing.  Measure  the  clearance  between  the  back  of 
the  impeller  blades  and  the  Stuffing  Box  Cover.  What- 
ever this  measurement  exceeds  .020"  will  be  the  total 
amount  of  shims  to  be  installed  between  the  bearing 
snap  ring  and  the  face  of  the  bearing  housing.  Move 
shaft  assembly  back  toward  coupling  end  and  remove 
bearing  snap  ring.  Install  proper  thickness  of  shims 
and  reinstall  bearing  snap  ring  being  certain  that  it  is 
properly  seated  in  the  groove  of  the  bearing.  Install 
bearing  Cover  Gasket  (Pc.  #233)  then  Bearing  Cover 
(Pc.  #232)  which  is  drawn  snugly  into  place  with  Bear- 
ing Cover  Cap  Screws  (Pc.  #234).  If  Adapter  (Pc.  #218) 
on  Group  L pumps  is  disassembled  from  the  Bearing 
Housing  (Pc.  #223)  be  certain  when  reassembling  these 
parts  to  install  the  Adapter  Gasket  (Pc.  #219). 


OPERATING  INFORMATION 

If  pump  requires  too  much  power,  the  following  pos- 
sible causes  should  be  checked: 

A.  Dynamic  head  materially  lower  than  that  specified. 
This  will  usually  increase  the  capacity  and  power 
required. 

B.  Specific  gravity  of  liquid  higher  than  that  for  which 
the  pump  was  powered.  The  power  varies  directly 
as  the  specific  gravity. 

C.  Viscosity  of  the  liquid  too  high. 

D.  Mechanical  damage,  such  as  impeller  rubbing. 

E.  Scale  deposits  or  other  obstructions  inside  of  pump 
casing  and  in  contact  with  rotating  parts. 

F.  Mechanical  or  adjustment  defects  in  the  prime 
mover  or  power  supply,  resulting  in  a lower  output 
and  an  apparatus  over-load. 


GIVE  PIECE  NUMBER  AND  PUMP  SERIAL  NUMBER  WHEN  ORDERING  REPAIR  PARTS 
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LaBOUP  TF  4 L\/ 
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FOR  MllOLT  CORROSIVE  ANO/OR  ABRASIVE  SERVICE 


Quant i ty 

Pc.* 

Pa.  t 

1 

206 

Impel  lc 

l 

209 

Impe 1 1 cr  Gasket 

225 

Inboard  H«.-a'  ' ng 

22 1 

Shal  ’ 

228 

Outboard  Bea- 1 ng 

1 

229 

Bear  1 ng  L ocknut 

1 

230 

Bearing  Lockwashe 

csp’d  snz^-Ai 

rtEm  Htzmt 


Casing  Ga sL •: • 

Adapter  Gasket 
Bearing  Cover  Gasket 

Inboard  ■!  I Sea' 

Gut  boa  i d 0 > • Tea  1 


:.N  AOOITIJN  So  me  CUSTOMERS  PREFER  TO  CARRY  qn  HAND  : 


> SAKE  OF  " : S . EMENCE  SOME  CUSTOMERS  m.y  !>[:•-  r;  - (.  ?’,r  L f TE  BE 

JSINC  assembly  '■■■:.  NO.  22'!.  WHICH  may  9F  At.-  .‘0  •-  -f=L-0F0  *» S A UN 

is  ASSEMBLY  CONSISTS  0?: 


' tarn 
1 .c  t 


22U,  223 i 22a,  225 
'• ?,  230,  233,  235 
231 
2 32 
23G 


Pet  I ec  t )' 

Bea r in’  Hous 1 nc 
’Listed  Above 

Bea'  >ng  shinv. 

Bear i ng  C vC ' 

Bea  ring  Cove  Lap  Screw : 
Bearing  Housing  breatnr- 
Cons  tan  t L e\ e ' C ■ e 


fOR  IKTvlml.y  SEVERE  SERVICES  IT  IS  RECOMMENDED  THAT  A CCKETE  RUM'1.  UG. 

base  'l fi te  ano  flexible  coupling,  be  -.arried  as  a l-afe. 
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INITIAL  INSTRUMENT  CALIBRATION  SHEET 

OATE 

INST.  IDENTIFICATION LOCATION 

TYPE . 

MANUFACTURER  & MODEL  


CONTROLLER 

INDICATOR 

TRANSMITTER 

SWITCH 

ALARM 

RECORDER 

OTHER 

•J 


| 


j 

i 


PROCESS  MATERIAL  PROCESS  VARIABLE(S) 

BEING  MEASURED  BEING  MEASURED  

AT °F  psig  GPM 

RANGE  OF  VARIABLE (S) 


1 
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ADJUSTMENTS  MADE  TO  INSTRUMENT: 
(specify  air/f^  supply  pressure) 


i 


9 
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ADDITIONAL  ADJUSTMENTS  MADE  TO  INSTRUMENT: 
(give  date  and  reason  for  change) 


